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The Relative Action 


Between Frame and Axles 


—Probably the Second 
Fastest Action in 
Connection with 


a Motor Car 


A ND yet, we have been trying to 
control this action with hydraulic mechanisms... @ Do you know of 
another single instance where any hydraulic apparatus has been 
called upon to do work in other than slow duty? For example— 
presses, lifts, jacks, etc., etc. ...@ In spite of there being no prece- 
dent, no design to copy or follow, an hydraulic apparatus has now 
been perfected which is capable of meeting any degree of flash action 
and controlling it ...@ The new Watson Hydraulic Stabilator, 
by the introduction of Supercharging, meets and controls any speed 
of relative action between frame and axles and thus insures full 
stability and safety regardless of whether the car is travelling 
twenty miles an hour, fifty miles an hour, eighty miles an hour or 
one hundred miles an hour... @ We shall be glad to have you 
write us for full particulars as to the construction and operation 
of these new and unique shock absorbers. 


JOHN WARREN WATSON COMPANY 
Philadelphia, Pa. 
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The purpose of meetings of the Society is largely to provide a forum for the presentation of straight- 
However, owing to the nature of 


The Constitution of the Society has long contained a provision to this effect. 
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Annual Meeting Reveals Much Progress 
All Sessions Uniformly Well Attended During 


Meetings Started on Time and Run on Schedule 


iy ppoeens YEAR’S Annual Meeting was 
pronounced by many to be the best 


in the history of 


Annual Dinner that so au- 
spiciously opened the new 
year in New York City on 


the Society, and it 
loses no luster by comparison with the 


with 


Session. 


one 


exception—the Detonation 
Restriction of the number of 


papers to one or two at each of the 
other sessions and limitation of time for 


Thursday Dinner a Huge Success 


the Five Days 


their presentation resulted in a wealth 
of prepared and impromptu oral dis- 
cussion that brought out much valua- 
ble supplemental information. The De- 


tonation Session, which was 
the most largely attended, 
had to be run by a minion 


Jan. 8. More than 950 mem- of the law so that the 17 pa- 
bers and guests registered pers could be presented with- 
for the technical sessions, in the allotted time. 

and the attendance at the Another noticeable result 
dinner on Thursday evening of starting and ending the 
was more than 700. All of sessions on schedule was that, 
the 17 sessions were uni- 


formiy well attended by from 


after the conclusion of each, 
fully one-half of those in the 


100 to 325. There were no room remained for half an 
slim sessions, a fact that 


showed the great diversity of 


hour or more to gather in 


groups for continued infor- 
interests of the Society’s mal discussion of the sub- 
membership, since all the ject. These contacts often 
Professional Activities were 


represented on the program 
by one or more sessions. 
Nobody was forced to lose 
time waiting for a session to 
start nor had occasion to be- 
come impatient through the 
dragging out of a session be- 





are worth almost as much to 
members as are the papers 
and discussion presented for- 
mally in the meetings. 


Papers Show Progress Made 


Real progress in the fields 


of research on fuels in air- 
cooled and Diesel or oil en- 
gines, in lubricants, in 
chassis-vibration reduction 
and in riding-qualities was 
revealed, and it was evident 
that the members and others 


BRITISH OIL ENGINEERS DELEGATED BY THE INSTITUTE OF 


yond the set time, as the ses- 
sions were run by traffic 
light control, which seemed to 
have a psychological effect so sk ten c 2 
that no officer was called Sprake and R. Stansfield, of the Standardization Subcommittee of 
upon to enforce its edicts, the Institute of Petroleum Technologists, of England 
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PETROLEUM TECHNOLOGISTS TO ATTEND THE MEETING TO 
PRESENT A PAPER ON KNOCK RATING OF FUELS 

to Right) A. W. Pope, Jr., and T. A. 

operative Fuel Research Steering Committee; C 


(Left Boyd, of the 











19th National Aeronautic Meeting—April 15 and 16 
Book-Cadillac Hotel, Detroit 


Production Meeting—April 


Milwaukee; Sponsored by the Milwaukee Section 








Buffalo—Feb. 3 
Hotel Statler; Committee Dinner 6:30 P.M. 
Engineering Features of the 1931 Automotive Vehi- 
cles—Austin M. Wolf, Consulting Engineer 
Baltimore—Feb. 6 
Lord Baltimore Hotel; Dinner 6:30 P.M. 
Driving at Night—W. M. Johnson, Commercial En- 
gineer, National Lamp Works 
Canadian—Feb. 18 
Royal York Hotel, Toronto 
Relation of the Employe to the Management—V. M. 
Smith, Works Manager, Continental Motors 
Corp. 
Cleveland—Feb. 9 
Hotel Statler; Dinner 6:30 P.M.; Entertainment 
Is Cutting Corners in Business Justified ?—Dale 
Brown, Cleveland Better Business Bureau 
Can the High-Speed Diesel Engine Compete with 
the Gasoline Engine ?—H. D. Hill, Vice-Presi- 
dent, Hill Diesel Engine Co. 
Dayton—Feb. 10 
Joint Meeting with the Engineers Club of Dayton 
An Airplane Trip from the City of Washington, to 
Capt. A. W. 





Buenos Aires and Santiago 
Stevens, Wright Field 
Detroit—Feb. 23 

Book-Cadillac Hotel; Dinner 6:30 P.M. 

Body Division Meeting, Speaker, Theodore F. Mac- 
Manus 

Indiana—Feb. 12 

Hotel Severin, Indianapolis 

Review of the Automobile Shows—D. G. Roos, 
Chief Engineer, Studebaker Corp. 

Metropolitan—Feb. 18 

A.W.A. Club House, 357 West 57th Street, New 
York City; Dinner 6:30 P.M. 

The Body Designer’s Viewpoint on Aerodynamics, 
Based on Wind-Tunnel Tests at the University 
of Detroit—Julio Andrade, Murray Corp. 

Streamline Automobile Bodies—Wolfgang Klem- 
perer and O. K. Marti, Goodyear-Zeppelin Corp. 

Construction and Performance of the Bluebird— 
Capt. Malcolm Campbell, of London 


Metropolitan—Feb. 25 
Second Annual Greater New York Safety Confer- 
ence, in cooperation with other National and 
Local Organizations 
Pennsylvania Hotel, New York City 
Commemorative Aeronautic Meeting; in conjunc- 
tion with six other National Organizations 
Engineering Societies Building, New York City: 


8 P.M. 
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Meetings Calendar 


National Meetings of the Society 


February Section Meetings 
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Summer Meeting—lJune 15 to 19 
White Sulphur Springs, W. Va. 


20th National Aeronautic Meeting—Sept. 1 to 3 
Hotel Statler, Cleveland 
In Conjunction with National Air Races 





Milwaukee—Feb. 4 


Milwaukee Athletic Club 
‘ree-Wheeling—H. FE. Churchill, Research Depart 
ment, Studebaker Corp. of America 
New England—Feb. 10 
Hotel Kenmore, Boston 
Cold-Starting and Oil-Pumping—Dr. A. E. 
Standard Oil Development Co. 


Northern California—Feb. 17 and 18 
St. Francis Hotel and Civic Auditorium. The Sec- 
tion is sponsoring two sessions of the Western 
Metal Congress. 


Northwest—Feb. 6 
New Washington Hotel, Seattle, Wash. 
Steel—C. C. Finn, John Finn Metal Works 


Oregon—Feb. 12 
Multnomah Hotel, Portland; Automobile Show Din- 
ner 6:30 P.M.; Entertainment 
The Trend of Automobile Design for 1931—Prof. 
F. G. Baender, Oregon State College 
Philadelphia—Feb. 11 
Philadelphia Automobile Trade Association, Dinner 
6:30 P.M.; Entertainment 
Effect of Legislation on Truck Design in Relation 
to Load Distribution and Vehicle Width—L. R. 
Buckendale, Timken Detroit Axle Co. 
Pittsburgh—Feb. 26 
Steering Symposium 
Southern California—Feb. 6 
\lexandria Hotel, Los Angeles 
Rural Fire Apparatus—J. P. Fairbanks, College of 
Agriculture, University of California 
County Fire Apparatus—W. E. 
geles County 
Metropolitan Fire Apparatus—W. P. Akers, Sea- 
grave Corp. 
St. Louis—Feb. 10 
Hotel Statler; Dinner 6:30 P.M.; Entertainment 
Modern Automobile Design Symposium 


Becker, 


Powelson, Los An- 


Syracuse—Feb. 3 
Hotel Syracuse; 8:00 P.M. 
Air-Cooled-Cylinder Development—Carl T. Doman, 
Research Engineer, H. H. Franklin Mfg. Co. 
Washington—Feb. 18 
Subject—Hydrogenation 
Wichita—Feb. 12 
Green Parrot Inn 


The Gluing of Wood in Aircraft Construction 
Mr. Truax, Forest Products Laboratory 
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ANNUAL MEETING—ENGINE SESSION 





who were present at the various ses- 
sions carried home a great many valu- 
able ideas that will be reflected later in 
many directions. 

The Society owes a debt of gratitude 
to the authors for the preparation and 
presentation of so many very interest- 
ing and informative papers and also 
to the numerous discussers who con- 
tributed so much well-informed written 
and oral discussion on the numerous 
topics. The Chairmen and members of 
the Meetings Committee and the Pro- 
fessional Activities Committees are de- 
serving of great credit for the excel- 
lence of the program and the selection 
of timely subjects and well-qualified 
speakers. 

From start to finish the entire meet- 
ing ran smoothly, with strict ad- 
herence to the program and no dis- 
appointments or hitches. 


Detroit Section Host to Multitude 


The Annual Meeting Dinner on 
Thursday evening, at which the Detroit 
Section was host to the Society and 
its guests, was a highlight of the meet- 
ing. The number seated at the dinner 
was 725, and many more came in 
later to hear the addresses by Mayor 
Murphy, of Detroit; Vincent Bendix, 
the new President of the Society; and 
Larry A. Hawkins, of the General Elec- 
tric Co. The scientific talk by Mr. 
Hawkins on the marvels of atoms, 
electrons and ions was commented upon 
as the sort of address well suited to 
an S.A.E. dinner. 


If any dissatisfaction was felt re- 
garding the meeting it was based on 
the three-ring-circus nature of the 
affair that prevented some from attend- 
ing all the sessions in which they were 
interested. Simultaneous sessions had 
io be held on three forenoons, and a 
score of committee meetings were held 
on the five days. Some of the commit- 
tee meetings lasted for 3 hr. or more, 
keeping the committee members from 
some of the sessions. As a result of 
these committee meetings, however, the 
programs for a great deal of construc- 
tive work for the year have been out- 
lined so that the new committees ap- 
pointed, as announced in this issue of 
the S.A.E. JOURNAL, can start work 
promptly. 

In the following pages is given a full 
account of the meeting, session by ses- 
sion, together with reports of the com- 
mittee meetings, the election of officers 
to serve through 1931, election of Nomi- 
nating Committees to select nominees 
for Vice-Presidents, and the appoint- 
ment of Administrative, Professional 
Activities, Standards, Research and 
special Committees for the year. Re- 
ports of the several committees for 
last year are also contained in this 
issue, 

Such of the Annual Meeting papers 
as are not published in this number 
of THE JOURNAL are to be printed, to- 
gether with discussion, in as early suc- 
ceeding issues as space, the balancing 
of the contents of each issue, and other 
conditions permit. 


Lively Air-Cooled-Engine Debate 


Opponents and Defense Tilt To Amusement of Large 
Crowd—Torsional Vibration Discussed 


\ UCH LAUGHTER and frequent 
4 applause punctuated the lively 
debate on air-cooled engines that put 
zest into the first real technical session 
of the 1931 Annual Meeting. This was 
the Engine Session, which Chairman 
Alex Taub opened even a minute or 
two before the scheduled time of 2 p. m. 
on Monday and kept moving along so 
rapidly that the traffic signal never 
ence flashed red. 

And thereby hangs the tale of an 
innovation. To make sure that the 
sessions would be run off exactly on 
schedule, limiting the time for presen- 
tation of each paper so as ‘to allow 
ample time for discussion, a three-light 
traffic signal on a high pedestal was 
installed at the right-hand end ofthe 
speakers’ table and operated electrical- 
ly by the Chairman. A green light sig- 
nalled the speaker to go, an amber 
light that he had 5 min. left, and a 
red light for him to cease and yield the 
floor to another speaker or discusser. 

And while on the subject of para- 


phernalia, it might be mentioned for 
the information of members who have 
not been privileged to attend the recent 
large National meetings of the Society 
that a lot of equipment is lugged 
2round and operated at these meetings. 
lor instance, the public-address system 
includes two microphones on the speak- 
ers’ table and another on a stand by 
the screen on the wall to the left of 
the table, so that when a speaker steps 
over to the screen to explain a slide 
he can still be readily heard through- 
out the room. These mikes are con- 
nected to a pair of loud-speaker horns 
mounted high on a standard at the 
right of the rostrum. In front of the 
speaker is an illuminated reading-stand 
shaded from the audience. And on the 
floor at the extreme right is a large 
blackboard on an easel for impromptu 
chalk talks for the purpose of illus- 
trating intricate points. 

The Chairman’ considerately  re- 
frained from monopolizing any of the 
first speaker’s time by extensive in- 
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troductory remarks, hence did not need 
to flash the red light on himself. 


Torsional-Vibration Dampers Discussed 


The two papers’. presented § are 
printed in full in this issue of the 
S.A.E. JOURNAL, so the reader may be 
spared the tedium of summaries here. 
The first was on Torsional-Vibration 
Dampers, by J. G. Baker and D. T. 
DenHartog, and was summarized brief- 
ly by Mr. Baker in a running explana- 
tion of the slides shown. 

The Crystal Room of the Book- 
Cadillac was filled to the capacity of 
the chairs by an attendance of about 
200. Written discussion of the paper 
was presented in person by T. C. Van 
Degrift, of the General Motors Corp. 
Research Laboratories, and by C. E. 
Summers, research engineer of the 
Oaklaénd Motor Car Co. In addition, 
half a dozen men in the assemblage 
rose to offer impromptu comment on 
the subject of torsional-vibration in- 
vestigation. 

In his prepared discussion Mr. Van 
Degrift told of investigations made at 
the General Motors Corp. Research 
Laboratories into the effectiveness of 
both the Lanchester and dynamic types 
of vibration dampers and said that the 
dynamic type gives the better perform- 
ance, as the vibration amplitudes of the 
crankshaft are lower for the same size 
of inertia weight and less dampening 
is required. The damped dynamic type 
of vibration absorber is also simpler to 
adjust and permits the damping to be 
held constant throughout the speed 
range of the engine without interfer- 
ing to a great extent with the effec- 
tiveness of the damper. The trend, he 
said, is toward engines with smaller 
exciting forces to produce torsional 
vibration and toward an increase in the 
number of cylinders, which makes the 
fitting of dampers to engines much 
easier. The six-cylinder in-line engine 
is particularly difficult to fit with a 
damper that will cope with the third- 
order inertia-torque period, but in en- 
gines having a larger number of cylin- 
ders the inertia torques are much 
smaller. 


Damped Dynamic Absorber Best 


Mr. Summers, in his discussion, re- 
ferred to an address he made on the 
subject of torsional vibration at an 
Annual Meeting of the Society several 
years ago and remarked that this form 
of vibration became a problem with the 
first steamships having multiple steam- 
engines and a screw propeller. It came 
up again with the advent of the syn- 
chronous electric motor, and Alexander 
Churchward at that time designed a 
friction-type damper and a reaction or 
dynamic-type damper. Later the prob- 
lem was to adapt these two types to 
the characteristics of the internal- 
combustion-engine crankshaft. A con- 
siderable amount of work has been 
done, he said, on the reaction type by 
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the General Motors Corp. and this type 
is used on most of its cars, as it is 
much lighter than the friction type. If 
this damper is tuned so that it opposes 
the period of the crankshaft, it cuts 
down the exciting force that vibrates 
the damper itself, and when the speed 
of the critical vibration period is 
passed through there is nothing to 
excite the damper and it subsides so 
that the “tail does not wag the dog.” 


Mr. Baker agreed with Mr. Van 
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Degrift and Mr. Summers that the 
same damping effect can be obtained 
with less inertia with a damped 
dynamic vibration absorber but said 
that with the Lanchester the perform- 
ance can be predetermined with ac- 
curacy, whereas with the damped ab- 
sorber the performance must be deter- 
mined experimentally. He admitted 
that the damped absorber is correct for 
automobile engines. Boris T. Ser- 
gayeff, of the General Motors Corp., 


remarked that investigations had 
shown that there is not much theore- 
tical difference between the two types 
and that there was no difficulty in 
theoretically determining both the mass 
and the elasticity. 


Meeting Divides on Air-Cooling 


Mr. Doman’s presentation of the 
paper on the Franklin Air-Cooled En- 
gine resulted in a meeting divided 


against itself, with Chairman Taub and 


‘4 








MEN WHO WERE PROMINENT AT THE ENGINE SESSION 


(Top) J. P. Den Hartog and J. G. Baker, Co-Authors of a Paper on Torsional-Vibration Dampers, Presented by Mr. Baker 
Doman, Who Presented a Paper by Himself and E. S. Marks on Air-Cooled Engine I yevelopment; Dr. H. C. Dickinson, a 

(Middle) Alex Taub, Chairman; L. V. Cram and R. N. Janeway, Who Discussed Air-Cooling versus Water-Cooling 
(Bottom) Joseph Anglada, T. C. Van Degrift, C. E. Summers and E. D. Herrick, Who Discussed 


Cari TF. 
Discusser 
Air-Cooling Torsional 


and Vibration 
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other representatives of the General 
Motors Corp. and Robert N. Janeway, 
consulting engineer of Detroit, taking 
the side of the indirect or water-cooled 
system, and Thomas J. Litle, of the 
Holley Carburetor Co., Joseph Anglada, 
Dr. H. C. Dickinson and others warmly 
defending the direct or air-cooled sys- 
tem. 

L. V. Cram, assistant chief engineer 
of the Chevrolet Motor Co., described 
efforts made eight years ago to develop 
an air-cooled engine for the General 
Motors organization and of abandon- 
ment of the attempt because of the 
numerous “‘bugs” encountered and the 
desire to obtain, in the words of Mr. 
Taub, “the greatest value per dollar.” 
He gave Mr. Marks and Mr. Doman 
great credit, however, for the cooling 
arrangements developed for the Frank- 
lin engine, which he said is the clever- 
est thing he has seen in a long time. 
He referred especially to the low power 
absorption by the fan. 

Mr. Janeway’s contribution compli- 
mented the Franklin engineers, as he 
said, for their demonstration of the 
tremendous possibilities for improve- 
ment in air-handling efficiency which 
lie in careful and intelligent investiga- 
tion, and suggested that the results 
they had obtained give plenty of food 
for thought to the water-cooled engi- 
neers. He offered criticisms respecting 
the compression ratio of the Franklin 
engine, the location of the spark-plug 
and the absence of detonation which 
is so contrary to general experience. 
He also objected to lack of compact- 
ness in the design and the cost of pro- 
duction. He said that the future of 
the air-cooled engine seems to lie in 
the direction of an increased number 
of cylinders combined in V form. 


Air-Cooled Principle Well Defended 


Mr. Anglada remarked that the 
Franklin organization was to be con- 
gratulated upon having stuck consist- 
ently to air-cooling and the building of 
an unconventional automobile. Al- 
though prejudiced against air-cooling, 
he bought a Franklin about a year 
and half ago, which has been driven 
about 14,000 miles, principally in the 
mountains of Pennsylvania, and said 
he had had more pleasurable driving 


and less trouble with it than with 
any of the water-cooled cars he has 
owned. In shop tests he had found 


that the engine held compression better 
throughout the entire length of the 
piston travel and that he got higher 
compression than with the water-cooled 
cars. 

Dr. Dickinson also told of personal 
satisfaction with an air-cooled car, 
saying that he was much startled to 
learn how bad the old Franklin engines 
were, because he had driven one for 
a long time, and it delivered excep- 
tionally good performance, the valves 
having run 40,000 miles without re- 
grinding and being in good condition 
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at the end of that time. Without any 
particular provision for it, the engine 
warmed up on the coldest day in about 
5 to 10 min. and was a little too cool 
at high speed. He said that it never 
was known to get too warm in the 
summer, and the only time the engine 
knocked was “when the fins got filled 
up with June bugs that had to be 
blown out once in two years.” 


Water-Cooled Engines Not So Hot 


Some cracks that provoked hearty 
laughter were made by Mr. Litle at 
the expense of the water-cooled ad- 
vocates. He remarked that he feared 
that the Franklin engineers might be- 
come discouraged by the remarks of 
the water-cooled men, and that the 
Franklin men were not the only engi- 
neers who can be criticized for making 
remarkable improvements after having 
gone a number of years without them. 
Water, he said, is not ideal for cooling, 
and many engines run entirely too cool. 
As far as cooling is concerned, the 
air-cooled advocates have the world 
before them. Failure of the water- 
cooled engineer to build a_ successful 


air-cooled engine should not be dis- 
turbing, “because he does not know 
how to build an air-cooled engine 


properly.” Some idea of the power 
absorbed by the fan can be determined 
by removing the fan belt and driving 
around the Indianapolis Speedway. 

The possibilities of air-cooling, said 
Mr. Litle, have not yet been touched 
and we cannot be very proud of the 
amount of plumbing on the water- 
cooled engine and of the radiator, the 
weight of the water carried and the 
cost of the radiator, water-pump and 
so on. He predicted that more air- 
cooled cars will be on the market with- 
in the next few years. 
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Valve Timing Not Objectionable 


The question of valve opening and 
closing was brought up and F. G. 
Shoemaker, formerly connected with 
the Franklin company but now with 
the General Motors Corp. Research 
Laboratories, expressed high appreci- 
ation of the improvements made by 
Mr. Marks and Mr. Doman in devising 
a design for compensating for all the 
variations that come in air-cooled en- 
gines. He said that that experience 
can be looked over most carefully by 
water-cooled engineers to solve the 
same problem. The valve timing 
arrived at is necessary to get high 
speed, and he said he sees no objection 
to the timing used and employing a 
high compression-ratio at the 
time. 

J. O. Scherer, of the Junkers Corp. 
of America, also defended the air- 
cooled principle, remarking that a 
certain water-cooled car was notorious 
for blow-by when the engine was hot, 
and pointed out that water-cooled cars 
go to many farmers who fill the radia- 
tors with hard water, as a consequence 
of which the water-jacket becomes 
coated with limestone, which is a heat 
insulator, and after three or 
years the engines knock badly. 

E. D. Herrick, of the Lycoming 
Mfg. Co., poured some oil on the 
troubled waters by remarking that 
advantages are to be had in both 
types of cooling; that fault can always 
be found with something about the air- 
cooled engine, but in the final analysis 
it can be made within reasonable 
limits as efficient as the water-cooled 
engine. However, he feels sure that 
the air-cooled engine is not as eco- 
nomical to produce with present 
methods as the water-cooled engine. 


Same 
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Science and Sociology at Dinner 


Physical Marvels Demonstrated for Big Gathering— 
Mayor Murphy Pleases—Detroit Section the Host 


ORE THAN 700 engineers attend- 
4 ed the Annual Meeting Dinner on 
Thursday evening, viewing with sur- 
prise and enthusiasm what the Detroit 
Free Press designated as “‘an eerie dem- 
onstration of the higher magic in which 
the little people of the universe—the 
ion, atom and electron—were made evi- 
dent to the human eye and ear through 
the legerdemain of science.” 

The guide to the door into this world 
was Larry A. Hawkins, head of the 
experimental laboratory of the General 
Electric Co., of Schenectady, N. Y., 
who, with his ringmaster of the Lilli- 
putian Cireus, Ellis Manning, kept the 
engineers as interested as if they had 
been small boys at a three-ring thriller. 
The actors evident to the eye and ear 
traveled incognito, although in the lab- 


oratory they have been given such 
names as the ion and the electron. 
Digressing for a moment, Mr. Haw- 
kins explained that physics, as he and 
those who studied it in the ’90’s knew 
it, had undergone an almost complete 
metamorphosis. It was thought at that 
time, he said, that all of the funda- 
mentals of physics were known, but 
the very next year something happened 
which brought about a complete revo- 
lution of all of our ideas. Things of 
which we were absolutely certain in 
the early ’90’s, such as conservation 
of energy, indestructibility, indivisibil- 
ity, the immutability of the atom, the 
character of simple wave motion in 
the ether, absolute space, absolute time, 
absolute motion, straight lines extend- 
ing to infinity, the universality of the 
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SPEAKERS AND GUESTS AT THE ANNUAL MEETING DINNER 


(Standing, Left to Right) George L. McCain, 


P. Warner, T. J. Litle, J. H. 


(Seated) James Schermerhorn, Jr Henry M 


law of causation—these had either gone 
into the discard or been profoundly 
modified. 


Uranium Started a Revolution 


The revolution started when the 
Frenchman Becquerel discovered ura- 
nium. This was quite promptly fol- 
lowed by the discovery of radium by 
the Curies. Uranium and radium are 
spontaneously changing into lead, giv- 
ing off helium gas and other radia- 
tions. The amount of radioactive ma- 
terial present in the earth is indicated 
by the amount of helium gas that is 
present in some of our natural-gas 
wells. It is also indicated by the fact 
that everywhere on the face of the 
earth we find the effect of radioactiv- 
ity if we look for it carefully enough. 
Mr. Hawkins, with the assistance of 
Mr. Manning, then demonstrated the 
presence of the ions in the air and al- 
lowed the audience to hear the arrival 
of these charged particles at the screen. 

Continuing, Mr. Hawkins | stated 
facetiously that radium has a short life 
and a merry one. “For example, if 
you had a piece of radium here it would 
be only 1800 years before half would 
be turned into lead. Uranium, how- 
ever, is much more leisurely about it. 
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A piece of uranium would take about 
5,000,000,000 years before half would 
turn into lead. Uranium, therefore, 
furnishes the best clock we have for 
measuring the age of the earth. From 
the uranium deposits scientists can tell 
from the amount turned into lead how 
long the earth’s crust has been there. 
The present accepted figure is 1,850,- 
000,000 years.” 


Electric Eye Shames Human Optic 


Continuing their magical experi- 
ments, Messrs. Hawkins and Manning 
performed several surprising experi- 
ments with electrons, stating that they 
can be produced at will in a vacuum 
tube. The immediate practical result 
of this knowledge was, of course, the 
radio. Mr. Hawkins said that there 
are other methods of producing elec- 
trons which are not quite so famil- 
iar. One of these is by the photo-elec- 
tric tube, which in many respects is a 
superior instrument to the human eye. 
While the eye cannot see a flicker of 
a frequency of more than 16 per sec., 
which fact is taken advantage of in 
motion pictures, the photo-electric eye 
is 100,000 times quicker. 

Mr. Manning demonstrated this fact 
by allowing the photo-electric eye to 


Cameron, A. T. Kreusser 


t Bendix, Mayor Frank Murphy, P. J. Kent 


look at, first, an ordinary direct-cur- 
rent lamp and then at a 60-cycle alter- 
nating current. The remarkable abil- 
ity of the photo-electric eye to “see” 
such rapid changes was made clearly 
evident to the audience. 

Mr. Hawkins also called attention to 
the Thyratron, a tube containing low- 
pressure gas or vapor. Such a tube 
can be employed with low voltages and 
is adapted for many kinds of control 
applications. As a relay it has a num- 
ber of great advantages; it is instanta- 
neous in action, requires a very small 
amount of energy to control it, and, in 
turn, can control a very large amount 
of energy. Mr. Manning demonstrated 
this by lighting a match and, by the 
tiny bit of energy released, controlled 
an output of 10,000 watts. 


Frozen Light Demonstrated 


There was also a demonstration of 
frozen light. Mr. Hawkins recalled 
that Baron Munchausen, the celebrated 
student of the impossible, went so far 
north that the ringing tone of a bell 
was frozen. Munchausen, so the story 
goes, brought back the frozen sound 
and thawed it out. Thursday. night 
Munchausen was out-Munchausened by 
Hawkins and Manning, for’ they 


nr 


brought some light from Schenectady, 
N. Y., and thawed it out until it was 
seen by the audience. 

Plates exposed to cathode rays in 
the Schenectady laboratory became 
brightly fluorescent, that is, capable of 
giving off light, and in this condition 
were plunged into liquid air at a tem- 
perature hundreds of degrees below 
zero. The light was _ practically 
“frozen,” and when the plates were 
thawed out in Detroit at the Dinner, 
the plates began to glow with a dis- 
play of yellow, purple and red light. 


Mayor Murphy Makes 


Address 


Contrary to the usual custom of may- 
ors, Mayor Murphy, of Detroit, not sat- 
isfied to make the usual brief address 
of welcome, delivered a scholarly ad- 
dress on the fundamentals of changing 
conditions, pointing out that education 
has mightily changed in the last five 
decades. Education, he declared, for- 
merly belonged to the restricted class, 
in the main to the well-to-do and those 
of leisurely habits. It was confined 
largely to the letters, religion, philoso- 
phies and professions. All this has 
been changed because something has 
happened in our Country. One ex- 
planation of the change, in his opinion, 
is that this is an industrial age; the 
age of automatic machinery; and of 
special work; and special knowledge, 
technical knowledge, must be coupled 
with fine cultural training. 

Mayor Murphy traced the progress 
of the last 50 years, pointing out that 
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PAST-PRESIDENTS AND NEW PRESIDENT OF THE SOCIETY IN ATTENDANCE AT THE 
ANNUAL MEETING 


(Left to Right, Standing) B. B. 
Hunt, 
(Seated) W. G. 


all the far places of the earth have 
been reached by our intrepid adven- 
turers and scientists and, through the 
automobile and our awakened thinking, 
the world has been brought closer to- 
gether. The social and economic condi- 
tions have been radically altered. He 


TOASTMASTER AND SPEAKERS AT THE DINNER 


L. A. Hawkins (Left), of the General Electric Co. Laboratories, Who Explained the 
Mysteries of the Atoms; P. J. Kent (Center), Toastmaster and Chairman of the Detroit 
Section; Mayor Frank Murphy, of Detroit (Right), Who Welcomed the Visitors and 
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Bachman, J. C. Vincent, T. J. Litle, H. W. Alden, J. H. 
W. R. 
Wall, Vincent Bendix, H. M. Leland, Edward P. Warner, David Beecroft 


Strickland 


pointed out further that not only has 
this had its effect in the business world 
but that the normal expectancy of life 
has been extended by 20 years. Politi- 
cally and geographically, the world is 
new. 

The Mayor eulogized Detroit, point- 
ing out that it has doubled its popu- 
lation by decades, and that a group 
of young men in overalls—bicycle rid- 
ers, car checkers, engine wipers, and 
the like, few with any education beyond 
the grade school—had seized an indus- 
try and made it the greatést one in the 
world today. 


Toastmaster Introduces Guests 


P. J. Kent was Toastmaster, and 
James Schermerhorn, Jr., was Master 
of Ceremonies. After introducing the 
several guests at the table, including 
a number of Past-Presidents of the So- 
ciety, Mr. Kent called upon Vincent 
Bendix, the new President, who, in a 
few modest remarks, thanked the mem- 
bers for their loyalty and confidence 
and stated that he hoped that his in- 
cumbency of this high office would be 
accompanied by prosperity and prog- 
ress. 

Among those at the speakers’ table 
were: 

Mayor Frank Murphy 

P. J. Kent W. Cameron 
Vincent Bendix George L. McCain 
O. T. Kreusser B. B. Bachman 

E. L. Manning David Beecroft 

T. J. Litle H. M. Leland 

J. H. Hunt H. W. Alden 

W. G. Wall C. B. Veal 

W. R. Strickland Norman Shidle 

E. P. Warner L. A. Hawkins. 
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Business and Body Session 


New Officers Announced and Committee Reports Pre- 
sented—Towle Talks on Body Principles 


AT THE ANNUAL Business Meet- 
ing on Monday night, President 
Warner disposed of the business be- 
fore the meeting in the short space of 
less than quarter of an hour. He re- 
ferred to reports of the Meetings, 
Membership, Publication, Research and 
Sections Committees as printed and 
distributed at the session and as pub- 
lished in this issue of the S.A.E. JourR- 
NAL. Reading of the reports was dis- 
pensed with and, on a motion made 
and carried, they were approved. 
Chairman Boor moved that the re- 
ports of the Divisions of the Standards 
Committee, as printed and distributed 
and with certain amendments made by 
the Council at its noon meeting, be ap- 
proved. The motion was carried. De- 
tails of the changes and action taken by 
the Standards Committee and Council 
are given in another section of the 
news report of the Annual Meeting. 


Officers Elected for 1931 
President Warner then announced the 
report of the tellers on the election of 
officers of the Society for 1931 as given 
on printed slips distributed at the An- 


nual Dinner in New York City on 
Jan. 8. The new officers are as fol- 
lows: 


President: Vincent Bendix 

Vice-Presidents: 

George W. Lewis, representing 
craft Engineering 

Arthur Nutt, representing Aircraft- 
Engine Engineering 

W. F. Joachim, representing Diesel- 
Engine Engineering 

L. R. Buckendale, representing Mo- 
tor-Truck and Motorcoach Engineering. 

E. S. Marks, representing Passen- 
ger-Car Engineering 

C. B. Parsons, representing Passen 
ger-Car-Body Engineering 

A. K. Brumbaugh, representing Pro- 
duction Engineering 

F. K. Glynn, representing 
portation and Maintenance 
ing. 

Members of the Council: F. S. Due- 
senberg, Norman G. Shidle and C. E. 
Tilston. 

Treasurer: C. W. Spicer. 

The foregoing officers-elect will, with 
the following, constitute the Council 
for 1931: Edward P. Warner and W. 
R. Strickland, Past-Presidents; Ralph 
R. Teetor, F. K. Glynn and A. W. S. 
Herrington, Councilors elected last year 
to serve two years. 

A. call was then made for nomina- 
tions of members-at-large to serve on 
the Nominating Committee for the 
nomination of officers to serve in 1932. 
The following were nominated: D. 


Air- 


Trans- 
Engineer- 


Vo! 
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Beecroft (Metropolitan), George Mc- 
Cain (Detroit), Oliver Clark (De- 
troit), Chris Bockius (Detroit), Har- 
old Nutt (Chicago) and F. C. Chand- 
ler (Chicago). The nominees were 
voted upon by the raising of hands, and 
Messrs. Beecroft, McCain and Nutt 
were declared elected. 

Body Activity Nominating Committee 


Elected 


This concluded the work of the Busi- 


ness Meeting, and President 
relinquished the chair to L. 
Hill as Chairman of the Body 


Warner 
Clayton 
Session. 


This session was opened by a business 


meeting of the Body Activity 


a Nominating Committee of the 


to elect 


Ac- 


tivity, as provided in Section B26 of 


the Constitution, for the 
of a Vice-President of the 
The following 


th 


nomination 
Activity. 
nominations’ to 


e 


Nominating Committee were made from 
the floor: William N. Davis (Detroit), 





C. B. Parsons (Detroit), A. J. Neer 
ken (Detroit), Oliver Clark (Detroit) 
and Hermann Brunn (Buffalo). Alter- 
nates nominated were James Levy (De 
troit) and Hermann Brun (Buffalo), 
as only four nominations were in order 
for nominees. The nominations were 
declared and the nominees 
elected. 

All business having thus been quick- 
ly dispatched, Chairman Hill intro- 
duced H. Ledyard Towle as the speaker 
of the evening, who he said would talk 
on design and color as factors in mar- 
keting modern motor-cars. He re- 
ferred to the work of Captain Towle 
as a machine-gunner and in the Camou- 
flage Corps in the American Army dur 
ing the World War, and remarked that 
after serving as art director for the 
General Motors Corp. he is now en- 
gaged in the same capacity with the 
Campbell-Ewald Co. 


closed 


Basic Principles of Design 


Mr. Towle gave a very delightful in- 
formal 45-min. talk on the subject of 
car design in which he dealt about as 
much with chassis as with body de- 
sign, because he said that the chassis 
and the body are one. He roamed over 
a wide field in drawing illustrations of 
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principles to be followed in design and 
also in color treatment, saying that 
there are certain basic principles of 
elementary design which it is interest- 
ing to consider. He called the age in 
which we are living “The American 
Renaissance.” The burden of his com- 
ments was that, if a structure or an 
article is designed and built so as prop- 
erly to perform a specific function, it 
is inherently beautiful and needs no 
embellishment. 

If we go back to nature for basic 
principles, we are pretty safe, asserted 
Mr. Towle, and he likened the Arabian 
stallion and the greyhound to auto- 
mobile roadsters and racing cars. He 
also spoke of the change in woman’s 
fashions from the days when the figure 
was distorted by leg-of-mutton sleeves, 
bustles and enormous hats to the pres- 
ent style of figure-fitting dresses. He 
pointed out that in all four-footed ani- 
mals the motive power is in the rear 
legs, and ventured the prediction that 
the powerplant in automobiles will some 
day-be in the rear. 

The speaker made a plea for some 
individuality and personality in auto- 
mobiles, and commented on the fact 
that at the automobile shows this win- 
ter the cars in general look a great 
deal alike, which fact he attributed to 
fear of spending money on something 
that the public may not like. However, 
he said that the public would take 
whatever is offered it if an explanation 
is made of why it is designed in a cer- 
tain way. As an illustration of per- 
sonality, he pointed to the railroads 
which have given an imaginative ap- 
peal to their fast through trains by 
giving them individual names, such as 
the Twentieth Century, The Chief, and, 
in France, the Golden Arrow and Blue 
Arrow. 


Cars To Be Like Tear Drops 


The automobile of today is a refine 
ment of the buggy, said Mr. Towle, 
who remarked that the most advanced 
body and chassis designers in this Coun- 
try and abroad think that the tear- 
drop design will be the design of the 
future, with the big end in front, which 
is the perfect aerodynamic design, as 
evidenced by the wings of the airplane. 
The new German motorship Bremen, 
which holds the Atlantic speed record, 
has her blunt end at the front under 
the water line and falls away to the 
stern; in other words, she is_ back 
frontwards, as that has been found 
to give least resistance. 


Road Speeds To Become Higher 


The speaker predicted that the av- 
erage automobile road-speed of 45 to 
50 m.p.h. of the present day will be 
increased to 65, 75 or more miles per 
hour on the super-highways that are 
being constructed. Then it will be- 
come necessary to work the funny big 
lamps that are now out in front into 
the body lines and to get rid of nu- 


merous other protruding parts that 
slow up the car. 

Not much that is new in the way 
of material or upholstery is evident in 
new cars, and the speaker recommended 
that body men go outside of their own 
industry and see what is being done 
in the furniture marts in Chicago and 
New York City. He also spoke of the 
desirability of providing for the heat- 
ing of bodies and of ventilating them 
without the necessity of opening win- 
dows. He made the rather surprising 
remark that color does not exist and 
invited the audience to inspect the 
large framed chart displayed on the 
easel, which showed the color spectrum 
as a very short section of a range of 
waves extending from the very long 
radio waves at the left end of the 
scale to the extraordinarily short waves 
of the cosmic rays recently discovered 
by the physicist, Millikan. All of 
these, he said, are the same basic waves 
but of different lengths. (See p. 263.) 

As for colors to be used on automo- 
biles, Mr. Towle recommended follow- 
ing the preference of the public as as- 
certained by dealers all over the Coun- 
try, and said that dark blue and maroon 
were most favored by a large num- 
ber of boys from all parts of the Coun- 
try. However, he advised “changing 
the road picture” by using brighter 
colors on certain models. 


Streamlining Becoming Necessary 


Lively discussion followed the con- 
clusion of Mr. Towle’s talk and cen- 


tered largely around the question of 
road speed of the future and the 
streamlining of cars to reduce wind 
resistance. Among the active partici- 
pants were Chairman Hill, Mr. Towle, 
David Beecroft, Mr. Edling, of the 
Fisher Body Co.; Harold Nutt, of the 
Durant Motor Co.; Mr. Betancourt, of 
the Hudson Motor Car Co.; Joseph 
Anglada, of the Anglada Motor Corp.; 
Herbert Chase, of the McGraw-Hill 
Publishing Co.; and H. T. Woolson, of 
the Chrysler Corp. 

The prevailing theme was that, in 
the near future, speeds on the super- 
highways will go up to 60 to 75 m.p.h. 
and that streamlining will become nec- 
essary and will win public favor. Mr. 
Edling voiced the opinion that two 
types of car will be needed in the fu- 
ture, one of short length for low speed 
in cities and the other of long stream- 
lined design for the open road, but that 
excessive speed is dangerous. Chair- 
man Hill and others maintained that 
speed, per se, is not dangerous, and that 
statistics show that most accidents oc- 
cur at slow speed. 


Mr. Hill referred to wind-tunnel tests 
made in Detroit under the supervision 
of Professor Altman, of the Univer- 
sity of Detroit, and expressed the be- 
lief that automobile bodies of the fu- 
ture will have the bulky part forward. 
There was considerable discussion in 
this connection regarding the desirabil- 
ity of placing the powerplant at the 
rear, where it was in the early days 
of the industry. 


Fuel Research Holds Attention 


Bureau of Standards Papers on Gum and Fuel-Line 
Temperatures Impress a Large Group 


CS attention was given by a 
large roomful of automotive engi- 
neers and oil men to the two papers 
on the program for the second morning 
session. This was devoted to fuel- 
research subjects, and J. B. Macauley, 
experimental engineer of the Chrysler 
Corp., occupied the chair. The first 
paper was on A Comparison of Meth- 
ods for Determining Gum Contents in 
Gasolines, and was written by Dr. O. 
C. Bridgeman and Elizabeth W. Al- 
drich. The second was on A Survey 
of Current Automobile and Bus Fuel- 
Line Temperatures, and was written 
by Dr. Bridgeman and Hobart S. 
White. 

A rather unusual feature for an 
S.A.E. meeting was that the first 
paper was read by Miss Aldrich, and 
her clear, distinct and expeditious 
presentation of it was well received by 
the audience, which rarely has the 
pleasure of having a woman present a 
paper on such a technical subject. Dr. 


Bridgeman presented the second paper 
without reading it, giving instead a 
shert introductory explanation of the 
research into the subject of vapor lock 
and then summarizing the Bureau of 
Standards investigation of fuel-line 
temperatures and their significance as 
slides were thrown on the screen. 

Three pieces of written discussion on 
the papers were presented but there 
was little impromptu oral discussion. 
All of the discussion came from oil 
company representatives and _ inves- 
tigators of fuel problems. Seemingly 
the car engineers came to listen insteaa 
of to talk, and they no doubt carried 
away some valuable information that 
can be: applied very promptly to cars 
and motorcoaches with beneficial re- 
sults. 

The paper on fuel-line temperatures 
appears in full in this issue of the 
S.A.E. JOURNAL and the discussion on 
it will be printed in an early sub- 
sequent issue. The one on gum-testing 
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methods is scheduled to appear shortly, 
together with the discussion on it. 


Gum-Testing Methods Compared 


In opening the session, Chairman 
Macauley remarked that engineers had 
for a long time been disinterested in 
the fuel that it was necessary for their 
engines to use but that a marked 
change had occurred in the last three 
years because of the changes that have 
been made in the fuels developed. As 
for methods of testing gasolines for 
their gum contents, he said that he 
recalled one case in which five samples 
of identical fuels were submitted to as 
many leading laboratories in this Coun- 
try for determination of the gum con- 
tent and the results of these determi- 
nations varied as much as 100 per cent. 

The Bureau of Standards paper, as 
presented by Miss Aldrich, reviewed an 
investigation of the copper-dish, the 
glass-dish and the air-jet method and 
gave the results in tabular and graph- 
ical forms. Twenty gasolines and as 
many blends of them with a gum-free 
gasoline were tested, and the data ob- 
tained showed a much larger residue 
of gum obtained by the copper-dish 
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method than by the others and the least 
residue obtained by the air-jet method. 
Factors that were varied in the tests 
to ascertain their effects were (a) time 
of evaporation, (b) temperature and 
(c) the atmosphere surrounding the 
gasoline during evaporation. For the 
last, the samples were evaporated from 
flasks at reduced pressure in atmos- 
pheres of carbon dioxide and of nitro- 
gen and the results compared with data 
obtained by the air-jet method. 

Summing up the work, the authors 
state that it has shown that reprodu- 
cible methods are available but that 
there is insufficient evidence to show 
that any of them is significant as re- 
gards gum deposition in the engine. 
A logical mode of attack on the problem 
is the development of a method for the 
determination of true gum-content, the 
correlation of data obtained by this 
method with results by a laboratory 
flow-method simulating manifold con- 
ditions and verification of this correla- 
tion by means of engine tests. 


Two Better Test Methods 


J. C. Molitor, junior chemist of the 
Vacuum Oil Co., presented written dis- 
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cussion pointing out that the Bureau 
of Standards had not given any com- 
parative data obtained by the steam- 
oven method, and he gave tabulated 
results secured by the Vacuum Oil Co. 
with a modified steam-oven method and 
the air-jet method on 40 gasolines of 
various gum contents. Three facts 
that are apparent from these data 
are that the results by the steam-oven 
method are much lower than those by 
the air-jet method, that there does not 
appear to be any definite relation be- 
tween the results by the two methods, 
and that each method is satisfactorily 
reproducible, with a slight advantage 
to be credited to the steam-oven 
method. 

Dr. A. E. Becker, of the Standard 
Oil Development Co., remarked that the 
gum problem had been well stated on 
the first page of the Bridgeman and 
Aldrich paper. The car user is inter- 
ested in the gum content of the gaso- 
line at the time it enters the carbureter 
and, in some cases, also at the time 
it enters his storage tank. That means 
that we must first develop a reprodu- 
cible test that can be used by every- 
body and that will show the actual 
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gum-content of the gasoline at the time 
of test. One of the factors involved is 
time of evaporation. Dr. Fisher, one 
of the authors of a paper cited by Dr. 
Bridgeman and Miss Aldrich, has, he 
said, modified the air-jet method so 
that the time of evaporation is prac- 
tically eliminated. This consists in 
dropping the gasoline sample drop by 
drop into the dish and at the same 
time blowing the current of air onto 
the gasoline. Thus there never are 
more than two or three drops in the 
dish. 

R. E. Wilson, of the Standard Oil 
Co. of Indiana, expressed regret for 
the amount of time wasted in studying 
gum content by the copper-dish method 
and also that the steam-oven method 
had been omitted from the Bureau of 
Standards study. His experience has 
been that the latter method is satis- 
factory, possibly with some modifica- 
tions. The Fisher modified air-jet 
method mentioned by Dr. Becker is 
essentially flash distillation simulating 
manifold distillation, and the few ex- 
periments made by the Indiana organ- 
ization in that type of distillation 
parallel quite closely the results ob- 
tained by the steam-oven method. 


Fuel-Line Temperatures Discussed 


Following Dr. Bridgeman’s presenta- 
tion of the paper on fuel-line tempera- 
tures, Chairman Macauley remarked 
that the survey should bring home very 
clearly the picture that faces the mo- 
tor-car and motorcoach designer in 
handling, with present fuel systems, the 
fuels now available in the market. The 
replacement of the vacuum tank by the 
engine-driven fuel-pump has, he _ be- 
lieves, been a good move, but it un- 
questionably has introduced complica- 
tions into the problem of vapor-locking 
because, if fuel contains vapor, the 
pump does not supply enough fuel to 
the engine, and also because the pump 
is installed on a hot crankcase. 

Refiners stand ready, said Mr. Ma- 
cauley, to furnish gasolines that are 
better than those used in the past or 
that are being supplied at present, pro- 
vided the fuel systems are able to 
handle them. Failure of the car de- 
signers to permit the refiners to supply 
this more volatile fuel means a certain 
economic loss not only to the refiners 
but to everybody involved. However, 
there are certain limitations beyond 
which the motor-car designer can hard- 
ly be expected to go. One of the limit- 
ing factors is the temperature of the 
air passing through the radiator core, 
as the temperature of the pump will be 
somewhere between that and the tem- 
perature of the jacket water in the cyl- 
inders. A point that was not much 
stressed in Dr. Bridgeman’s paper, but 
that is of importance, he said, is the 
idling temperature, which may inter- 
fere not only with the idling of the en- 
gine after a hard run but with the fuel 
supply to the engine after starting 


again so that maximum speed cannot 
be attained. 

Prepared discussion was presented by 
F. C. Burk, junior automotive engineer 
of the Vacuum Oil Co., who gave data 
on tests made on gravity, fuel-pump 
and vacuum-tank systems to determine 
vapor-locking temperatures. The data 
were compared with predicted vapor- 
locking temperatures based on the 
Reid vapor-pressure. The highest ob- 
served vapor-locking temperatures was 
48 deg. fahr. above atmospheric to as- 
sure freedom from vapor lock while 
running at summer temperatures. In 
more than the average number of cars 
a vapor pressure not higher than 6.5 
lb. per sq. in. is required of the refiner. 
More extensive use of stabilizing equip- 
ment by all oil companies will there- 
fore be necessary so that they can 
lower the vapor pressure of the gaso- 
line as well as removing excessive 
quantities of propane. The latest mod- 
els of some of the car manufacturers 
indicate, said Mr. Burk, that the auto- 
mobile engineer is striving to lower the 
fuel-system temperatures so as to pre- 
vent vapor lock. 


Maximum and Atmospheric Tempera- 
ture Relation 


Prof. George G. Brown, of the Uni- 
versity of Michigan, also presented 
prepared discussion, in which he stated 
that work done for the Natural Gaso- 
line Association of America had given 
results very similar to those reported 


by Dr. Bridgeman. He said that it is 
found that the maximum fuel tempera- 
ture under the majority of driving con- 
ditions would not exceed one-half the 
atmospheric temperature plus 100 deg. 
fahr. This method of expressing tem- 
perature is perhaps more satisfactory 
than simply determining the difference 
between the fuel temperature and the 
atmospheric temperature, as modern 
cars are equipped with thermostaticaliy 
controlled radiator shutters and tne 
temperatures under the hood are more 
nearly constant than the atmospheric 
temperature, so that the difference be- 
tween the maximum fuel temperature 
and that of the atmosphere may be 
considerably greater in cold weather 
when the shutters are closed than in 
warm weather when they are open. In 
conclusion, Professor Brown said it is 
particularly important that designers 
modify or improve their fuel systems 
so that they will operate satisfactorily 
with the more volatile fuels, as the 
easier starting and freedom from use 
of the choke obtained with such fuels 
will cause the public to continue to de- 
mand and service stations to supply 
volatile fuels which may vapor lock on 
cars not designed to limit the maximum 
temperature of the liquid fuel. Pro- 
fessor Brown’s personal opinion is that 
the maximum fuel temperature should 
not exceed one-half the atmospheric 
temperature plus 80 deg. even under 
idling conditions on cars equipped with 
radiator shutters. 


Live Production-Session Topics 


Machine-Tool Obsolescence and Practical Drilling of 
Cast Iron and Steel Studied 


LTHOUGH widely different in sub- 
4 ject matter, the two papers pre- 
sented at the Production Session held 
Tuesday evening, Jan. 20, increased the 
store of data already available and thus 
contributed greatly toward furthering 
the progress of truly scientific produc- 
tion-methods. Machine - Tool Obso- 
lescence was the title chosen by L. A. 
Blackburn, J. W. Brussel and A. R. 
Fors for their paper. The second paper 
was entitled Torque, Thrust and Power 
for Drilling, the authors being O. W. 
Boston and C, J. Oxford. Under the 
able chairmanship of E. F. DuBrul, 
general manager of the National Ma- 
chine Tool Builders’ Association, Cleve- 
land, constructive discussion followed 
the presentation of each paper; in ad- 
dition, a business session of the Pro- 
duction Activity was held. 


Controlling Obsolescence-Factors Cited 


Obsolescence relates to a fact that is 
concerned only with the economic value 
of an article and not its physical con- 
dition, according to Mr. Blackburn and 


his collaborators, who pointed out how 
this definition rather than that given in 
the dictionary applies to machine-tools. 
Formerly, the factor of machine-tool 
depreciation was equal to, or greater 
than, obsolescence; but now, the tables 
have been turned. Factors that ren- 
der machine-tool equipment obsolete, 
such as accounting policy, stability of 
product, growth of the organization and 
designing flexible single-purpose ma- 
chines, were listed and discussed briefly. 
Several formulas for determining the 
savings to be expected from new 
equipment were presented, and the rea- 
sons why accurate predictions can or 
cannot be based upon them were stated. 
The authors expressed the hope that a 
bomb-proof formula which the major- 
ity of executives will accept as being 
accurate will ultimately be developed. 
In the discussion prepared by Charles 
B. Oesterlein, he stated in part that 
Mr. Blackburn and his collaborators 
had defined obsolescence as relating 
principally to the economic value of an 
article without any regard to its physi- 
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cal condition. If this interpretation is 
accepted, he said, then a most impor- 
tant detail to be given consideration is 
to find proper means of measuring true 
economic value. This requires deter- 
mination upon a measure or formula 
for the purpose and, when such a for- 
mula has been developed, the results 
through its use can be no more ac- 
curate than is the formula itself. 

In Mr. Oesterlein’s opinion, the solu- 
tion of this problem begins with the 
adoption of the recommendation of the 
authors with reference to computing 
costs. Then the accounting procedure 
should be revised to base averages on 
accurate standard costs instead of upon 
averaged actual costs. This would not 
only consign wastes to a “manager’s 
controllable” account, removing them 
from factory costs, as was pointed out 
in the paper, but in addition costs 
would be shown as they can be and 
should be shown with all wastes elim- 
inated. Correct costs alone will almost 
automatically earmark obsolete equip- 
ment. This would make each piece of 
equipment stand on its own feet in 
place of concealing facts in regard to 
operating costs by the application of 
an average burden rate. Comparison 
can then be made with modern equip- 
ment on the same basis. 


Policy of Accounting Important 


In his prepared discussion Chairman 
DuBrul laid emphasis upon the fact 
that the authors of the paper had done 
well to stress the importance of the pol- 
icy of accounting. He mentioned the 
cost-accounting department of the Na- 
tional Machine-Tool Builders’ Associa- 
tion, and said that all of the problems 
mentioned in the paper are encountered 
by the Association. He deplored the 
tendency to be guided by “averages,” 
and agreed with the authors that a safe 
formula would be to buy new ma- 
chinery only when it costs more not to 
buy it, and then set about to prove it. 
But to get the proof accepted means 
that the premises of one’s reasoning 
must be accepted by those to whom it 
is presented. He remarked that many 
people start arguments from entirely 
different premises, and that therefore 
they are not talking about the same 
thing at all. Cooperation between the 
Engineering Societies and the Equip- 
ment Managers’ Associations would do 
much to make the use of equipment for- 
mulas more than being merely a piece 
of mental gymnastics which managers 
now think are entirely unnecessary. He 
advocated cooperation with regard to 
the development of a formula, and, hav- 
ing worked out a rational, defensible, 
practicable formula, he urged that man- 
agement be made to realize and un- 
derstand how the use of this formula 
will protect profits. 

Some other points of Chairman Du- 
Brul’s comments included a remark 
that, although a man can tour his plant 
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and see various individual operations 
therein, there is no place in that plant 
where he can stand and view everything 
that is going on in the plant simul- 
taneously. Shop men are entirely too 
prone to neglect the importance of cost 
figures, because they believe that 
figures have no life in them. These 
men must be convinced that if the 
figures are compiled properly by the 
accounting department, the manager 
can sit at his desk, read the statistics 
and comprehend everything that is 
being done in the plant. 


Production Figures Should Be 
Guaranteed 


F. B. Heitkamp said that, to make 
production figures interesting, they 
should be guaranteed. He represented 
R. W. Harrison, of the Cincinnati Mill- 
ing Machine Co. He stated that his 
company has made a great many pro- 
duction estimates that were conserva- 
tive to the extent of 15 per cent during 
the last two years, and that reputable 
manufacturers do the best they can 
to provide the best production, with the 
best materials that are available. He 
made a plea to the automobile industry 
for stabilization of buying, and showed 
two curves: One curve was the order 
curve of the machine-tool industry; the 
cther was the order curve to the ma- 
chine-tool industry. They were com- 
piled from data obtained from a group 
cf typical machine-tool companies. He 
suggested that more of these produc- 





tion formulas be applied to some of the 
obsolete tools that are now in use in 
shops, so that tool builders can replace 
those tools in a slack period, or an 
easier period, and be ready to furnish 
high-production tools when the demand 
for them is made. In conclusion he 
said that there is a necessity for the 
automotive manufacturers to give facts 
so that the machine-tool manufacturers 
can design to provide a net return on 
investments. 


Drilling Cast Iron and Steel 


Professor Boston 
were conducted on 
grades of steel and cast iron in a 
specially equipped drill-press at the 
University of Michigan, and were re- 
ported in detail in a previous paper. 
The present paper is an extension of 
the results of these tests in formulas, 
tables and charts for determining the 
thrust, torque and horsepower that will 
be required in practice for drilling with 
drills of 1%-in. or smaller diameter in 
the various materials that were tested, 
which were representative of those 
commonly used in industry. 


stated that tests 
drilling various 


Production-Activity Business-Session 


This Session was convened as a 
regular Business Session of the Pro- 
duction Activity for the purpose of 
electing a Nominating Committee and 
two Alternates to select a consenting 
nominee for Vice-President of the Pro- 
duction Activity of the Society and 


CHAIRMEN, SPEAKERS AND DISCUSSERS AT THE PRODUCTION SESSION 


(Top) A. R. Fors, 
Detroit Axle Co., Collaborators on 


Paper 


of the Continental Motors Corp., and J. W. Bussel, of the Timken- 
on Machine-Tool Obsolescence with L. A. 


Blackburn (Right), of Detroit 


(Bottom) E. F. 


Paper on Drilling Cast Iron and Steel; 


DuBrul, General Manager of the National Machine Tool Builders As- 
sociation, Chairman; O. W. Boston, of the 


Ww. 


University of Michigan, Who Presented a 
E. Smith, of the Wesson Sales Co., and 


E. J. Bryant, of the Greenfield Tap & Die Corp., Discussers 
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Chairman of the Production Activity 
Committee for 1932. In the absence of 
Vice-President John Younger, Vice- 
Chairman J. W. Brussel of the Pro- 
duction Activity Committee presided. 

On motions duly seconded, the follow- 
ing men were nominated and elected 
members of the Production Activity 
Nominating Committee: 

A. K. Brumbaugh 


V. P. Rumely 

John Younger 

Fred H. Colvin 

Also on motions duly seconded, the 
following were duly elected as Alter- 
nates: 

A. R. Fors 

L. L. Roberts 

The Business Session thereupon ad- 
journed. 


Future Transportation Trends 


Transportation Session Considers Operators’ Probable 
Needs and Vehicle Improvement 


bp TWO papers chosen for presen- 
tation at the Transportation Session 
held on Wednesday morning, Jan. 21, 
dealt with the future. D. W. Russell, of 
the Southwestern Transportation Co., 
presented the subject of the Future Re- 
quirements of Motorcoach Operators. 
John B. Walker, of the Greyhound 
Lines, discoursed on the Requirements 
for Future Motorcoaches. Under the 
chairmanship of Walter Tufts, this Ses- 
sion was provocative of a considerable 
amount of worthwhile discussion which 
was beneficial to the members and 
guests present. A Business Session was 
held also. 


Operators’ Future Needs 


Mr. Russell said in part that there 
are five particulars in which the mo- 
torcoach needs to be improved; design, 
safety, comfort, operation and main- 
tenance. He stated that the very na- 
ture of his subject required that he 
should not confine himself to a discus- 
sion of improvements which are pres- 
ently available, but also should stress 
improvements which can be attained 
by the solution of engineering prob- 
lems which have yet to be solved. In 
conclusion he summarized the future of 
motorcoach operation as calling for a 
vehicle which is: 

(1) Designed and constructed as an _inte- 

gral unit 

(2) Safer because: 

(a) The strongest available materials 
are used 

(b) The headlights are made brighter, 
non-glaring and fog penetrating 

(c) The instrument board and road are 
visible at the same time 

(d) The brakes are both fool and acci- 
dent proof 

(e) There is no possibility of fumes or 
carbon monoxide 

(f) The windshield is sleet proof 

(g) There is no possibility that the elec- 
tric wiring will become short-cir- 
cuited 

More comfortable because: 

(a) All jolts, jars and jams are elimi- 
nated 

(6b) All noise is eliminated 

(c) The interior lighting is strength- 
ened but individualized 

(4) More economical to run because: 
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(a) The tare weight is greatly reduced 

(4) Passenger space is increased 

(c) The power is applied directly in- 
stead of through the transmission 
line 

(d) Either the highway or rails may be 
used as a roadway 

(e) Necessity for road lubrication or 
servicing is reduced or eliminated 

(f) Tire road changes are eliminated or 
are vastly facilitated 

(5) More economical to maintain because: 

(a) All parts can be quickly inspected, 
removed, exchanged or installed 

(b) The parts are standardized 

(c) Only materials and parts of the 
highest quality are used 


Motorcoach Operators’ Requirements 


Mr. Walker remarked, in part, that the 
efforts of American designers to date 
in improving all classes of motor-trans- 
port equipment have borne good fruit. 
He mentioned that it was in 1914 that 
a certain company introduced the first 
motorcoach, really a modified truck; 
and that it is only nine years ago that 
so-called motorcoaches began to appear 
in any great number on our highways. 
He referred also to the makeshift con- 
traptions which were then in use, com- 
paring them with the present de luxe 
coaches of today. 

After referring to the difficulties 
encountered during the development 
process, Mr. Walker elaborated the title 
of his paper, stating that his subject 
was, really, “What Effect the Require- 
ments of the Motorcoach Operator Will 
Have on Future Motorcoach Construc- 
tion and Performance”. 

Mr. Walker said that, to determine 
future requirements, such questions 
must be asked as follow: 

(1) What are the present-day require- 
ments of the motorcoach operator? 

(2) How well does present-day equipment 
meet these requirements? 

(3) What influences are at work to modify 
present requirements? In other words, what 
major improvements are indicated? 

(4) What can the motorcoach operators 
and the manufacturers, designers and engi- 
neers do to hasten their inauguration? 

Taking up the four questions already 
specified, the author went on to analyze 
them in considerable detail, mention- 


ing present changes either in effect or 
projected, both in the United States and 
Europe, and his conclusion is that mo- 
torcoach design is showing substantial 
improvements in all its various phases. 
Manufacturers and operators are 
equipped now with a much better un- 
derstanding of each other’s require- 
ments, Mr. Walker continued. There is 
less disposition on the part of the manu- 
facturers to produce equipment on a 
“take-it-or-leave-it” basis, he said. The 
operators are thinking of equipment 
purchases less and less in terms of price 
and more in terms of quality construc- 
tion, longer life and lower maintenance 
expense. This open-minded attitude 
makes certain that the future motor- 
coach-development will maintain a con- 
stant rate which will result in ultimate 
perfection of the motorcoach. 


Wood Preservative Beneficial 


In the discussion, H. B. Hewitt men- 
tioned that considerable work has been 
dene in developing wood preservative 
by the manufacturers of trolley-cars. 
His company purchased a number of 
taxicabs in 1929 and treated them with 
a wood preservative which was recom- 
mended as having been used on trolley- 
cars that operated along the seacoast. 
In this way the life of wood in the 
bodies of these taxicabs was doubled. 
The cabs have been very carefully ex- 
amined from time to time, and positive 
evidence of the effectiveness of this 
preservative was found. 


Conditions in Canada and New Jersey 


A. S. McArthur said in part that the 
future of the motorcoach is certainly 
assured, even in the smaller operations 
in Canada. The future requirements of 
the unit in Canada will follow the de- 
velopments that are made in the United 
States. Some problems in Canada differ 
from the average problems in the 
United States, with regard to road con- 
ditions, climate and the like; but on the 
whole the requirements that are met 
by a coach for operation in the United 
States should give suitable performance 
in Canada. 

H. C. Eddy, who is connected with the 
Board of Public Utility Commissioners 
of New Jersey, and in the Department 
which has control of motorcoaches, said 
that 4000 motorcoaches are in State op- 
eration, and more than 1400 engaged in 
intra-State operation. He thinks that 
more motorcoaches operate in and 
through New Jersey than is true of 
any other State in the Union, although 
this is one of the smaller States. He 
continued his remarks regarding Mr. 
Walker’s paper by enumerating what 
the present-day requirements of the 
motorcoach operator are. 


Other Subjects Discussed 


F. F. Chandler commented at length 
on Mr. Walker’s discussion and analysis 
of costs of operation. R. E. Carlson 
discussed Mr. Russell’s statements with 
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ACTIVE PARTICIPANTS AT THE TRANSPORTATION SESSION 
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Operators; Warner Tufts, of the National Motor Bus Operators Association, Chairman 

(Bottém) F. C. Horner, of the General Motors Corp.; H. C. Eddy, of the Public Utility 

Commission, State of New Jersey; A. S. McArthur, of the Toronto Transportation Con 
mission: and J. F. Winchester. of the Standard Oil Co. of New Jersey, Discussers 


reference to road lighting. Chairman 
Tufts made remarks related to classi- 
fying the motorcoach business into two 
definite groups; the city operators and 
the intercity operators. 

A. J. Scaife remarked that the growth 
of the motorcoach industry has been 
very rapid, and that it is handicapped 
in two ways: First, through legal re- 
strictions; and second, pioneering. 
When the manufacturer has to bring 
out a perfect vehicle and pioneer at the 
same time, he said, it is a very diffi- 
cult job. He thinks that we have made 
progress, especially in the last five 
years, so that some attention can now 
be paid to detail refinements and easier 
servicing. 

Views of Pacific Coast Operators 


E. C. Wood, of San Francisco, said 
that he had been instructed by the mo 
torcoach operators on the Pacific Coast 
to speak for them in regard to this im 
portant subject. The operators in the 
four western States are looking for 
further refinements and improvements. 
They feel that the improvements they 
have suggested will naturally make for 
more economy in operation and reduce 
repairs, give longer life and reduce op 
erating costs. Constant study should 
be carried on to obtain a better balance 
in the life of the various parts that go 
to make up a vehicle. This will no 
doubt be obtained through increase in 
the factor of safety in the parts having 
shorter life. 

There is yet much room for improve- 
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ment in the accessibility of wearing 
parts so that the replacements can be 
made in the shortest length of time, 
Mr. Wood continued. The nature of 
these improvements will no doubt be 
determined by the improvement of de- 
sign in the casting of the brackets and 
supports that hold these replacement 
parts. They have considerable to do 
with the criticism of poor accessibility 
of these replacement parts. There 
seems to be a general opinion among 
the engineers that more development 
work should be assigned to the oper- 
ators in the field to bring about this 


Truek Operators 


balance factor and increase the safety 
of the unit in the field of operation. 

F. C. Horner complimented Mr. 
Walker and Mr. Russell on their very 
interesting and constructive papers. 
With reference to the necessity for 
carrying 25 per cent spare equipment, 
as mentioned by Mr. Walker, he said 
that this is a very important matter 
and a very serious problem with which 
the operator is confronted. He thinks 
that this will be remedied to a consid- 
erable degree as progress is made in 
perfecting motor-vehicles, including 
both motorcoaches and motor-trucks, to 
which operating fields this is a common 
problem. It is perhaps not so serious 
for the truck operator, Mr. Horner con 
tinued, because he can delay freight, 
except for perishable commodities; but 
when an operator delays passengers, 
the immediate unfavorable reaction is 
to create considerable ill will toward 
the operating company. 


Nominating Committee Elected 


At the regular business session of 
the Transportation and Maintenance 
Activity that was convened just prior 
to the presentation of the papers at 
this Transportation Session, Vice-Presi- 
dent F. C. Horner announced the pur- 
pose of the meeting as being to elect a 
Nominating Committee for the nomina- 
tion of Vice-President of the Society in 
charge of the Activity for 1932. 

On motions duly seconded the follow 
ing were nominated and elected mem- 
bers of the Transportation and Main- 
tenance Activity Nominating Com- 
mittee: 

E. F. Lowe 
R. H. Van Ness 
E. C. Wood 
R. E. Plimpton 

Also on motions duly seconded, the 

following were elected alternates: 
J. F. Winchester 
F. C. Horner 

The business session thereupon ad- 

journed. 


’ Wants Debated 


Bennett Paper Praised but Truck Engineers Tell 
Difficulties of Meeting Desires 


PERATORS’ requirements of mo- 
torcoaches and motor-trucks con- 
stituted so large a subject that it ex- 
tended through two sessions, motor- 
coach requirements being dealt with in 
the forenoon meeting and the truck 
requirements at an afternoon session. 
A. J. Seaife, of the White Motor Co., 
presided at the latter session. 
Following the brief business session 
of the Motor-Truck and Motorcoach 
Activity for the election of a Nom- 
inating Committee to nominate a Vice- 
President of the Activity, a paper by 


J. C. Bennett, of the Associated Oil 
Co. of California, on the Motor-Truck 
Operators’ Requirements was read in 
the absence of the author by Edwin C. 
Wood, of the Pacific Gas & Electric 
Co. Mr. Wood attended the Annual 
Meeting as the representative of the 
Northern California Section and with 
a commission from the Southern Cali- 
fornia, the Northwest and the Oregon 
Sections to render a report to them on 
the principal features of the Annual 
Meeting upon his return to the Pacific 
Coast. 
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The following members were nomi- 
nated and declared elected to the Nom- 
inating Committee: 

A. F. Masury, International Motor 
Co. 

David 
Corp. 

F. C. Horner, General Motors Corp. 

B. J. Lemon, United States Rubber 
Co. 

The Chairman cast a ballot for the 
four nominees. Thereupon the follow- 
ing were nominated for alternates: 

A. K. Brumbaugh, White Motor Co. 

J. A. Anglada, Anglada Motor Corp. 

The Chairman also cast a _ ballot 
electing the alternates. 


Beecroft, Bendix Aviation 


Want To Know What Operators Want 

Preliminary to calling upon Mr. 
Wood to present Mr. Bennett’s paper, 
Chairman Scaife stated that at the 
Transportation Meeting in Pittsburgh 
last October the Motor-Truck and Mo- 
torcoach Activity cooperated with the 
Operation and Maintenance Activity in 
trying to find out just what the truck 
operators are thinking with reference 


to the equipment they now operate and 
how it meets their requirements and 
what they would like to have for op- 
eration now and in the future. In the 
course of a survey of motorcoach re- 
quirements made about 10 years ago, 
said Mr. Scaife, his organization was 
informed that motorcoaches having a 
wheelbase of 198 in. could not be op- 
erated in the large eastern cities be- 
cause they could not get through the 
streets and around the corners, and 
that different types of vehicle would 
be needed for Boston, New York City, 
Newark and Pittsburgh, and a still 
different type for California. At that 
time wheelbases varied from about 160 
to 220 in. However, the White Com- 
pany brought out a model having a 
wheelbase of 198 in. which met the 
requirements in virtually all of the 
cities. Today a similar difficulty arises 
with motor-trucks largely because of 
the difference in the legal requirements 
in the different States. Consequently 
a large operator of trucks in Califor- 
nia had been asked to give his ideas on 
the requirements. 


Before reading Mr. Bennett’s paper, 
Mr. Wood stated that Mr. Bennett’s 
operation comprises approximately 
1000 vehicles, operating in California 
over a distance of about 500 miles 
from one end of the State to the other. 


Bennett States Large Operators’ De- 
sires 

Mr. Bennett listed and discussed in 
his paper five reasons for having much 
hesitancy about presenting his views 
upon the subject, but stated that he 
felt that large-scale operators encoun- 
ter the same varying conditions as are 
met by smaller operators. If especially 
equipped chassis such as are needed 
for auxiliary power purposes are ex- 
cluded, little need exists, he thinks, for 
demanding specially designed chassis, 
and he believes that the truck manu- 
facturer is alert to adopt improve- 
ments and that the operators’ fleets are 
an ideal proving ground. The really 
significant division of the field of op- 
erations is the intensity with which the 
equipment is used, hence the questions 
to be answered are those of productive 
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or service life, on one hand, and of ob- 
solescence on the other hand. Finally, 
he holds that cost accounting should be 
based on ton-miles of carrying capacity 
rather than on loads actually carried. 
He did not advocate higher maximum 
speed, but desires greater capacity for 
sustained speed. He listed as much- 
desired improvements the interchange- 
ability of the major units of the 
chassis, reduction of chassis weight 
and greater uniformity in the space 
available for body mounting or load- 
earrying facilities. 

Through a system of replacement 
units the time out of service for the 
fleet of 760 trucks operated by his com- 
pany was one day out of each 45 cal- 
endar days for each truck during the 
first six months of 1930, this including 
time required for repairs due to acci- 
dents and for repainting in addition 
to normal reconditioning. These figures 
compare with the common experience 
four years ago that a truck must be 
withdrawn from service from 30 to 45 
days in a year for general recondi- 
tioning. 


Difficulties of Modernizing Old Trucks 


Mr. Bennett also referred to difficul- 
ties encountered in modernizing old 
trucks powered with four-cylinder en- 
gines and originally equipped with solid 
tires, and inquired if it would have been 
impossible for the manufacturer of the 
six-cylinder engine to have adopted es- 
sential dimensions for his four-cylinder 
engine that would have permitted this 
replacement with the present engine 
without change in the chassis. He also 
indicated the desirability, from the op- 
erators’ standpoint, of the manufactur- 
ers now making provision for the sub- 
stitution in a few years of eight-cylin- 
der engines without chassis change. 

The author referred to the attention 
that is being given by large-fleet op- 
erators to reduction in the weight of 
bodies and cited a case in his own ex- 
perience of reducing this unproductive 
weight on trucks of 2 to 3-ton capacity 
by 800 to 1000 lb. The chassis weight, 
however, remains at a high level and 
the operators feel that the manufac- 
turers should be able to contribute sub- 
stantially in the matter of weight re- 
duction. Operators are more concerned 
as regards frame dimensions with the 
length from the back of the cab to the 
center of the rear axle and to the rear 
end of the frame than they are with 
the wheelbase, and he believes that in- 
crements of 6 in. on smaller trucks 
and 12 in. on larger trucks in these 
dimensions will be adequate to meet the 
needs. 


Engineers Present Their Side 


Much discussion of the various points 
raised followed the reading of the pa- 
per, chiefly by the engineers of the 
truck companies. John Walker, of 
Mack Trucks, pointed out that if a 
more powerful six-cylinder engine is 
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substituted several years later in a 
chassis designed for a four-cylinder en- 
gine the truck will not be a bal- 
anced unit, and that the transmission, 
springs, axles and other parts should 
be changed to sustain the greater 
stresses imposed by the larger power 
and higher speed. He believes, how- 
ever, that the truck engineers should 
endeavor to help operators as much as 
possible in this direction. 

A. W. Scarratt, of the International 
Harvester Co., expressed doubt that ex- 
tensive alterations to old-type vehicles 
will pay in the long run and said that 
extensive alterations are likely to be 
needed at the front end of the chassis, 
as there is not lengthwise room to ac- 
commodate the six-cylinder engine and 
changes will be needed to the cooling 
system, fuel system, wiring and hook- 





up to the transmission. Regarding in- 
terchangeability of units, he said that 
this is highly desirable in large fleets 
but has not been accomplished to any 
considerable extent as between com- 
petitive makes of truck, and he doubts 
that in the case of large truck manu- 
facturers who produce the major por- 
tion of their chassis and have their 
own distinctive units much can be ac- 
complished in this direction. 

Reduction of dead weight of the 
chassis is a logical objective, admitted 
Mr. Scarratt, but how to accomplish it 
and still satisfy the existing curse of 
extreme overloads is a difficult prob- 
lem. The demand is to really increase 
the strength of all major units of the 
chassis to keep pace with the abusive 
treatment it receives rather than to 
take anything out of it. 


PERSONAGES TAKING LEADING PART AT AIRCRAFT SESSION 


Carl B. Fritsche (Upper Left), of the Aircraft Development Corp., Chairman; E. R. 


Armstrong, (Upper Right), Who Wrote and Presented a Paper on Seadrome-System 
Ocean Airways 
talph R. Teetor (Lower Left), of the Perfect Circle Co.; and Ralph H. Upson (Lower 


Right), Aeronautic 


Engineer, Discussers 
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Sustained High Speed Introduces Prob- 
lems 


High appreciation was expressed by 
B. B. Bachman, of the Autocar Co., for 
the frank and broad way in which Mr. 
Bennett had handled his subject with- 
out unduly criticizing other people and 
in general for the attitude manifest 
throughout the paper. In precisely the 
same spirit Mr. Bachman said with re- 
gard to sustained speed that this prob- 
lem introduces a whole train of con- 
flicting requirements; it assumes a 
larger powerplant, which means a 
lower load factor on the engine, and 
this is a major difficulty faced today in 
obtaining satisfactory operating costs. 

He agreed with Mr. Walker and Mr. 
Searratt regarding weight reduction, 
pointing out that ferrous materials 
have a definite modulus of elasticity 
and that increased impact forces re- 
sulting from higher speeds have made 
it necessary to stiffen many portions of 
the vehicle, particularly the frame. 
Higher speeds made possible by pneu- 
matic tires have required brakes giv- 
ing higher rates of deceleration which 
tend to deflect the chassis. Aluminum 
might be used in some parts, but Mr. 
Bachman inquired if the operators 
have any definite information as to 
how much a 1-lb. reduction in weight is 
worth to them in operating costs. It is 
conceivable, he said, that reducing 
weight by the use of alternate ma- 
terials will increase the cost of the ve- 
hicle disproportionately, and if the in- 
creased cost is passed on to the buyer, 
can he earn a return on his increased 
investment, and how soon? 

Mr. Bachman did not agree with Mr. 
Bennett on the possibility of designing 
vehicles today that will be susceptible 
to adaptation as improved equipment 
of a future period. He would not un- 
dertake today to take steps to provide 
for future engine development. He did 
not dispute Mr. Bennett’s points that 
speed times weight should be the basis 
for regulation of operation on the 
highways, but questioned if operators 
would control impact forces by the lim- 
itation of speed. Uniformity in the di- 
mension from the back of the cab to 
the center line of the rear axle seems 
quite possible but whether the dimen- 
sions established will be equally accept- 
able to different industries is uncer- 
tain. If some important industries can- 
not accommodate their requirements to 
dimensions so selected, it may be neces- 
sary for truck builders to go so far as 
to build more than one line of chassis. 


Trends Cannot Be Anticipated 


L. R. Buckendale, of the Timken- 
Detroit Axle Co., also complimented 
Mr. Bennett for the openmindedness of 
his paper but agreed with previous 
speakers respecting the impossibility of 
designers foreseeing the trends in the 
industry and pointed out how changes 
from solid to hirh-pressure and balloon 


tires have affected frame widths and 
axles and brakes. Over-all truck widths 
are admissible today that would have 
been objected to some years ago when 
roads were narrower. 

G. P. Anderson, of the Chrysler 
Corp., remarked that it is not possible 
for engineers to design and build ve- 
hicles that will operate economically 
for 100,000 miles of service and then 
be ready to drop apart like the one- 
horse chaise. Economy of manufacture 
and quantity production make it neces- 
sary to adhere to definite standards 
and produce a vehicle that will give 
efficient operation over the maximum 
period or mileage for which the design 
is contemplated. If a builder were to 
try to produce one line for short mile- 
age and another for long mileage, 
added expense of manufacture would 
be introduced. He thinks that the lim- 
ited-mileage operator can obtain the 
best economy from a type of design 
that will give economy over the longer 
period, considering that the parts which 
wear out are readily replaceable. 

Some support was given to Mr. Ben- 
nett’s plea for anticipating the require- 
ments a few years hence by H. B. 
Hewitt, of the Mitten Management, of 
Philadelphia, who suggested that the 
engineers, in developing larger en- 
gines, might consider the great invest- 
ments in trucks that cannot be charged 
off and endeavor to develop engines 
and parts that will fit into some of 
these older vehicles. He said he had in 
mind one engine manufacturer who de- 
veloped a larger engine and by adding 
a few adapters made it possible for 
motorcoach operators to put it into 
their old equipment; also axle manu- 
facturers who have made it possible to 


install improved differentials in their 
old axles. 


Opposition to Legislation Needed 


Pierre Schon, of the General Motors 
Truck Co., spoke earnestly on the im- 
portance of operators as well as the 
truck companies giving heed to the ten- 
dency of State legislatures to impose 
more stringent restrictions on the size, 
weight and speed of trucks. He said 
that the highway engineers are the 
ones who must be convinced of the rea- 
sonableness of the truck operators’ re- 
quirements. 

The last speaker, if we except the 
Chairman, who always has the final 
word, was Mr. Moxey, of the Atlantic 
Refining Co., who asked the designing 
engineers to consider the possibility of 
interchangeability of parts within the 
major units so that the units them- 
selves can be modernized, which is vi- 
tally essential to their long life and 
the economic use of equipment. He also 
inquired where we are going to stop 
in the matter of increasing the size of 
vehicles. Operators get machined up 
under one set of regulations and the 
railroads step in and, by some twist in 
traffic schedules, eliminate that type of 
machinery from their activities so that 
the business reverts to the railroad. 
Then the truck manufacturer brings 
out something bigger and better and 
the users again push the railroads out. 

As a last word, Mr. Moxey made a 
plea to the manufacturers and partic- 
ularly to the operators for more frank- 
ness in exchanging confidential operat- 
ing costs so that men will not unwit- 
tingly be drawn into undertaking a 
large transportation service based on 
an unsound set-up of costs. 


Spellbinding Aircraft Session 


Economics of Ocean Airways, with Special Reference to 
the Seadrome System, Elaborated 


HE INVENTOR and designer of 

the seadrome, Edward R. Arm- 
strong, analyzed the possibilities of 
commercial operation of transoceanic 
airplane-service in general and with 
special reference to transatlantic op- 
eration in the splendid paper which he 
presented at the Aircraft Session held 
Wednesday evening, Jan. 21. The pa- 
per is printed in this issue of the 
S.A.E. JOURNAL beginning on p. 151. 
>. B. Fritsche presided. 

In his opening remarks Chairman 
Fritsche said in part that according to 
reliable statistics, 40 attempts have 
been made to date to fly the North 
Atlantic, non-stop, by airplane; but of 
these only 15 attempts have been suc- 
cessful. Many lives have been lost, 
he remarked, and payloads have 
equaled zero. Continuing, he noted 


that those who have specialized in air- 
plane design report that airplanes do 
not increase in efficiency with size. The 
standard of measurement, which is the 
number of pounds of useful or dis- 
posable load per horsepower as used 
by engineers, indicates that the most 
efficient plane today is able to lift from 
the ground only 11 lb. of useful load 
per horsepower. 

Referring to the Do-X flying boat 
built by Dr. Dornier in Germany, which 
has a lifting power of 57 tons, he said 
that this wonderful machine can carry 
only a 10-lb. useful load per horse- 
power according to the inventor’s own 
figures. This indicates that, so far as 
efficiency is concerned, the Do-X is 
less efficient than is an _ ordinary 
single-engine airplane of the cabin 
type common in this Country and also 
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is less effective than the ordinary tri- 
motored airplane. Evidently, said 
Chairman Fritsche, something new 
must be done to span the Atlantic by 
air commercially. 

“T have always believed and have 
had implicit faith that the Divine 
Creator did not reveal his secrets of 
nature to man in order that only cities 
located on a continent or islands near- 
by should be connected commercially 
by air-transport lines,” said Chairman 
Fritsche. In his belief the goal is to 
connect the continents; consequently, 
any engineering study directed to the 
solution of this gigantic problem of 
bringing Europe closer to the United 
States, and North America closer to 
Asia, is worthy of support and is par- 
ticularly worthy of serious considera- 
tion by those engaged in the engineer- 
ing profession. 

Following the more than ordinarily 
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fine presentation of the paper by Mr. 
Armstrong, which was copiously illus- 
trated by numerous lantern slides and 
motion pictures, numerous questions 
were asked by prominent members of 
the audience and these were answered 
categorically by the author. In addition 
a 12-ft. model of the seadrome described 
in the paper, constructed of pyralin, 
was displayed in the rear of the room 
and afforded the more than 175 mem- 
bers and guests who had been privileged 
to hear the paper an opportunity to 
visualize to a great degree the prac- 
ticability of a complete plan for build- 
ing floating island. That the paper 
was received with more than ordinary 
interest was attested by the fact that, 
for a considerable time after the ses- 
sion had been adjourned, Mr. Arm- 
strong was surrounded by a large 
group whose members questioned him 
for further explanations. 


Aircraft-Engine Developments 


Fuel Injection with Spark Ignition Described and Ways 
of Increasing Thrust Horsepower Outlined 


HURSDAY forenoon’s session on 

Aircraft Engines developed as a 
sort of Taylor Society, as three Tay- 
lors appeared as authors of the two 
papers presented. Charles L. Law- 
rance presided as Chairman and re- 
marked that he had worked with all 
three of the Taylors. 

The first paper described the inves- 
tigation conducted at the aeronautical- 
engine laboratory at the Massachusetts 
Institute of Technology, to determine 
the practical value of the use of a fuel- 
injection system in place of a carbu- 
reter on an Otto-cycle engine, using 
spark ignition. The co-authors of this 
paper were C. Fayette Taylor, E. S. 
Taylor and G. L. Williams. The actual 
experimental work was done by Mr. 
Williams, who presented the paper. 

The tests were made with a single- 
cylinder laboratory test-engine pro- 
vided with a Diesel-engine injection 
pump and an injection valve for in- 
jecting fuel into the inlet manifold. A 
valve of special design was used for 
tests in which fuel was injected into 
the cylinder. Gasoline was used in most 
of the investigation, but comparative 
tests were run using fuel oil. Series 
of tests were run to compare the per- 
formance of an engine with injection 
into the inlet pipe and with injection 
into the cylinder, on one hand, with 
the performance obtainable with a con- 
ventional carbureter. The results were 
presented in lantern slides and dis- 
cussed by Mr. Williams. 

Fuel injection gave engine perform- 
ance superior to the usual type of 
earburetion, the available power being 
increased more than 10 per cent with 


vy 


injection into the cylinder, and _ sub- 
stantially lower fuel consumption was 
obtained. The mechanical problems 
were found to be simpler than those 
of a similar system for Diesel engines. 
Operation on fuel oil compared very 
favorably with operation with gasoline 
at a compression ratio at which no 
detonation occurred with either fuel. 
This ratio, however, had to be quite 
low because of the poor antiknock char- 
acteristics of the fuel oil. Whether 
gasoline or fuel oil was used, the in- 
fluence of injection instead of carbu- 
retion upon the highest useful com- 
pression ratio was found to be insig- 
nificant. 


Discussers Regard System with Favor 


The first discusser, J. L. Goldthwaite, 
of the Allison Engineering Co., re- 
marked that he thought one of the 
greatest contributions brought out in 
the paper was the development of a 
nozzle which would spray without giv- 
ing penetration and that anyone who 
had worked on the problem could ap- 
preciate what its solution meant. He 
suggested a number of items that he 
thought would bear investigation. L. 
E. Fowler, of the Fowler Engine Co., 
expressed the opinion that we shall all 
shortly realize that fuel injection is a 
very definite improvement over car- 
buretion. Like the previous discusser, 
he commented on the difference in vol- 
umetric efficiency, and said that if the 
engines were designed for injection, a 
much larger manifold could be used 
that would give greater volumetric ef- 
ficiency. He inquired if Mr. Williams 
thought injection in a multicylinder en- 


gine would give power against the loss 
of power that occurs through ordinary 
manifold distribution with the carbu- 
reter. Mr. Williams stated that it does 
not seem difficult to apply the system 
to multicylinder engines, and men- 
tioned several pump systems that might 
be used to avoid distribution trouble. 

With reference to a suggestion made 
in the paper that, with better turbu- 
lence, the engine might have contin- 
ued firing on a leaner mixture, Chair- 
man Lawrance thought that great pos- 
sibilities exist in having less rather 
than more turbulence and locating the 
spark-plug so that it will be at the 
point of the richest part of the mix- 
ture rather than at the leanest. Be- 
cause of the stratified condition of the 
charge, this might be a profitable line 
of investigation in further development 
of this type of engine. J. Otto Sherer, 
of Detroit, suggested that if the fuel 
were injected very close to the time of 
ignition, high compression-ratios might 
be used without chance of knocking 
and would give a so-called stratified 
charge or localized combustible mix- 
ture at the plug and a volume of lean 
air in the rest of the combustion cham- 
ber. 


Eliminates Some Fuel-System Prob- 
lems 


Mr. Kemble, of the Pennington En- 
gineering Co., remarked that the paper 
was a real contribution and said, with 
regard to stratification, that the great- 
est benefits would be at part-throttle 
condition, where the Otto-cycle engine 
loses efficiency very rapidly because of 
the lower compression. The injection 
system, he said, does away with our 
present carburetion and _ distribution 
problems and substitutes the problems 
that arise in Diesel-engine work, but 
with the greatest difficulties of the 
Diesel problem removed because it is 
not necessary to inject so rapidly 
against such great pressure. 

C. Fayette Taylor explained that the 
investigation was only a preliminary 
one, and that most of the ideas point- 
ing the way to further development 
had been thought of. For aircraft 
and marine engines, a simple linkage 
between the throttle and the fuel-pump 
control, with an adjustment to corre- 
spond to the mixture controls, would 
give better speed-load characteristics 
than the carbureter gives. He admit- 
ted, however, that the problem of get- 
ting the right mixture at all speeds 
and loads over the wide range neces- 
sary in road and rail vehicles is a large 
one. An advantage of the system is 
that injection either into the cylin- 
der or the manifold will work with 
supercharging without modification, be- 
cause of the high injection pressure. 
The system is also free from manifold 
explosion, and no difficulty is presented 
in the metering of small quantities of 
fuel at idling speed with the accurate 
pumps now available. 
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CHAIRMAN, AUTHORS AND CHIEF DISCUSSERS AT THE AIRCRAFT-ENGINE SESSION 


(Top) Charles L. Lawrance, of the Lawrance Engineering & Research Co., Chairman; George L. Williams and C. F. Taylor, of the 
Massachusetts Institute of Technology, Co-Author of a Paper on Fuel Injection with Spark Ignition 

(Bottom) P. B. Taylor, of the Wright Aeronautical Corp., Who Presented a Paper on Increasing Thrust Horsepower; William G. Wall, 

Consulting Engineer; J. W. Goldthwaite, of the Allison Engineering Co.; and Roland Chilton, of the Wright Aeronautical Corp., 


Increasing Thrust Horsepower 


The second paper was by Philip B. 
Taylor, of the Wright Aeronautical 
Corp., and discussed the problem of 
increasing the thrust horsepower from 
a radial air-cooled engine. It was pre- 
sented by the author and was illustrated 
with numerous slides. He told of ad- 
vances made in this direction by dif- 
ferent means, mainly by more effective 
cooling through suitable finning and 
the use of the N.A.C.A. cowl, the 
Townend ring and baffles between the 
cylinders. He indicated his belief that 
cylinders will not increase in piston 
displacement, and that the trend will 
be to use a larger number of small 
cylinders rather than a small number 
of larger cylinders. The question of 
fuels and detonation was dealt with at 
length, and very interesting curves 
were presented to show the greater 
power output and the reduction in fuel 
consumption with the increase in iso- 
octane values of various fuels. Pro- 
peller efficiency and gearing were also 
discussed. 

A number of questions were asked 
of Mr. Taylor in discussion by W. G. 


Discussers 


Wall, of Indianapolis, and answered 
by the author of the paper. Interest 
was shown by Neil MacCoull, of the 
Texas Co., and by President Edward 
P. Warner in curves relating to results 
obtained with the different fuels. Ro- 
land Chilton, of the Wright Aeronau- 
tical Corp., emphasized the importance 
of improving the antiknock quality of 


aviation fuels, saying that 50 per cent 
more horsepower is now available in 
the standard aviation engines, if the 
specification for standard aviation gaso- 
line is brought up in iso-octane rating 
to or a little beyond the antiknock value 
of the present ethylized motor fuel 
available at all highway filling stations 
for automobiles. 


Tire and Rim Problems Analyzed 


Chassis Session Authors Present Data on Rubber Prob- 
lems, Tires and the Rim Riddle 


i hog papers were presented at 
the Chassis Session held Thursday 
morning, Jan. 22, under the Chairman- 
ship of C. C. Carlton, as follows: Rub- 
ber Problems Confronting an Automo- 
tive Engineer, by R. K. Lee of the 
Chrysler Corp.; Tires and the Rim 
Riddle, by B. J. Lemon of the United 
States Rubber Co.; and the Develop- 
ment of Drop-Center Rims, by Charles 


Ash of the Kelsey-Hayes Wheel Corp. 
An audience of about 75 members and 
guests greeted the authors and dis- 
cussed major points concerning the 
papers presented. Both prepared and 
oral discussions followed the presenta- 
tion of Mr. Lee’s paper; similar dis- 
cussions followed after both of the 
other papers had been presented. 
(Continued on page 247) 
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The New President 


INCENT BENDIX, president and a director 
Vi the Bendix Aviation Corp., of Chicago, has 
been a Member of the Society since 1916 and is a 
member of the Chicago Section. He has long been 
a prominent inventor and manufacturer of auto- 
motive devices, notable among which are the 
sendix drive for engine starters, Bendix brakes 
and, more recently, aviation-engine starters and 
cenerators. He is recognized by his many warm 
personal friends as a happy combination of in- 
ventive genius, production expert and financier. 
He is keen, analytical, an idealist of great fore- 
sight and, with all, a sound but unassuming busi- 
ness executive who allows no detail to escape his 
consideration and understanding in the practical 
consummation of great projects. 

Mr. Bendix was born at Moline, Ill., and re- 
ceived his early schooling in Chicago. At the 
age of 16 he went to New York City, convinced 
that his forte lay in mechanical devices rather 
than the pursuit of law. which he had contem- 
plated. Close specialization in automobile and 
engine designing gave him a foundation upon 
which he later built the structure of the Bendix 
\viation Corp. 

Completing his studies in 1907, Mr. Bendix re- 
turned to Chicago, where he became sales man- 
ager of the Holsman Automobile Co. The fol- 
lowing year he engaged in business for himself. 
manufacturing the Bendix car. Those were pio- 
neering days, when motorists had to start their 
cars by cranking, and Mr. Bendix, with typical 
foresight, recognized that a self-starter for auto- 
mobiles was the outstanding need of the day. He 
worked long and laboriously in perfecting the 
one link that would make the device practical—a 
connecting drive between the starting motor and 


the flywheel of the engine. 
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‘rom the day the Bendix starter-drive became a 
reality, the progress of the automobile industry 
received a great stimulus, and today more than 
30,000,000 of these starter-drives are in use on 
motor-vehicles and airplanes. 

While developing his starter device, Mr. Bendix 
realized that more effective stopping of automo- 
biles was necessary and, with untiring effort, the 
four-wheel braking principles were introduced 
and popularized in this Country. Through re- 
cent acquisitions and affiliations, his company 
now manufactures mechanical, hydraulic, air and 
vacuum brakes, brake boosters and brake testers 
for automobiles, as well as double-disc landing- 
wheels and brakes for airplanes. 

Having perfected devices for starting and stop- 
ping automobiles and airplanes, Mr. Bendix inter- 
ested himself in equipment that would keep these 
vehicles going. His organization succeeded in ac- 
quiring the Stromberg Motor Devices Co., now 
named the Bendix-Stromberg Co. Subsequently 
other prominent automotive and aviation acces- 
sory manufacturing concerns were made a part 
of the parent corporation, so that today the Bendix 
Aviation Corp. is recognized as one of the fore- 
most manufacturers of automotive and aviation 
equipment in the world, with 15 immense plants 
in this Country and abroad, which is evidence of 
the engineering genius, organizing ability and 
leadership qualifications of the man at the helm. 

From this, it is obvious that the interests of the 
new President of the Society are unusually broad 
and that his election to the office is particularly 
fortuitous, as he can be expected to take a broad- 
gage interest in the furtherance of all of the 
Society's activities. Already, since his election 
to office, he has manifested a keen interest in and 


a desire to promote the work of the organization. 
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(1) DR. GEORGE W. LEWIS, REPRESENTING AIRCRAFT ENGINEERING. (2) ARTHUR NUTT, REPRESENTING 

AIRCRAFT-ENGINE ENGINEERING. (3) W. F. JOACHIM, REPRESENTING DIESEL-ENGINE ENGINEERING. (4) 
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SENTING TRANSPORTATION AND MAINTENANCE ENGINEERING 





142 





Councilors for 1931 


y VF. Yh a USS 
enn ale 


NSS 


S2 


ZNWN 


Si 


SS 


SE 


y | 


\ 


awe a 


re 


aw a 


Pe 3 P 


(7 Mi) 23 eI 1. 


OTe CSS 





(9) C. W. SPICER, TREASURER. (10) W. R. STRICKLAND, PRESIDENT IN 1929. (11) EDWARD P. WARNER, 
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Edward P. Warner, 


who 


The 


DEBT of gratitude is owed by the 
Society to its retiring President, 


has given 


largely and willingly of his time and 


effort for the fur- 
therance of the 
Society’s interests 
throughout his _in- 
cumbency in _ office. 
No member has heen 
a more ardent and 
energetic supporter 
of the Society’s ac- 
tivities than has Mr. 
Warner, not. only 
during his presidency 
in 1930, but for the 
last eight years. He 
was highly helpful to 
the staff in the New 
York City offices 
through the year 
1930, during the long 
illness and the subse- 
quent death last June 
of General Manager 
Clarkson, and until 
the filling of the va- 
cant office by the ap- 
pointment of John A. 
C. Warner. Through- 
out those nine months 
the retiring President 
was freely on call by 
telephone and in per- 
son for advice at his 
office as editor of 
Aviation in New 
York City. 

Mr. Warner at- 
tended all of the Na- 
tional Meetings of 
the Society last year 
and took a very ac- 
tive part in them, 
generally welcoming 
the members and 
guests at the opening 
session and. serving 
as Chairman of a 
session. He presented 
several papers at Na- 


tional Meetings and made addresses at a 
number of Section Meetings during the 
year. Although devoting his attention 


primarily to aeronautics, he has shown 


nance, 
Branch work. 
addresses made last year at meetings, 


Retiring President 





keen interest in all the activities of the 
Society, notably in standardization, on 
which he has sound, constructive ideas; 


in research, operation and mainte- 
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Diesel engines and Student 


Besides many informal 


Past-President Warner delivered a pa- 





per at the Detroit Aeronautic Meeting 
in April entitled, What Is Airplane 
Lightness Worth?, and one at the Sep- 
tember meeting of the Indiana Section, 


entitled, The Business 
Depression and _ the 
Engineer. 

The retiring Presi- 
dent has been an en- 
ergetic committee 
worker since becom- 
ing a Member of the 
Society, having served 
as Chairman of the 
Publication Commit- 
tee for five years, as 
Chairman of the 
Aeronautic Division 
of the Standards 
Committee for four 
years, and as a mem- 
ber of the Research, 
Sections and Meetings 
Committees, and on 
the Riding-Qualities 
Subcommittee of the 
Research Committee 
and the Aircraft Di- 
vision of the Stand- 
ards Committee. He 
was Second Vice- 
President represent- 
ing aviation engineer 
ing in 1923, a Coun- 
cilor in 1925 and 1926 
and President in 
1930. He has also 
taken a lively interest 
in the Sections and 
was a member of the 
New England Section 
when he was a pro- 
fessor of aeronautics 
at the Massachusetts 
Institute of Technol- 
ogy in Cambridge, 
Mass., and of the 
Washington Section 
when he was Assis- 
tant Secretary of the 
Navy for Aeronautics 
in 1927 and 1928. 


As an expression of appreciation, the 
1930 Council, at 
York on Jan. 8, presented Mr. Warner 
with an electric clock. 


its meeting in New 





Annual Dinner a Mirthful Affair 


Coach Knute K. Rockne’s Address Delights Audience of 850— 
Ket Runs True to Form—Schermerhorn Evokes Laughs 


RONOUNCED by many the best in 

years, the Annual Dinner at the 
Hotel Pennsylvania in New York City 
on the evening of Jan. 8 started the 
Society’s new year with more than the 
usual zest, hilarity and a considerably 
larger attendance than had been an- 
ticipated. The all-star cast of enter- 
tainers drew a dinner audience of 850. 
and the main floor of the big ballroom 
was crowded to capacity, while five ta- 
bles for ladies were placed in the bal- 
cony. The program was followed with 
extraordinary fidelity to schedule, start- 
ing and ending within a minute or two 
of the set time. 

Members and guests began assembling 
in the lounge adjoining the ballroom 
at 6 p. m. and renewed acquaintance 
and conversed in pairs and groups for 
an hour before the bugle sounded the 
call to dinner. Members of the Recep- 
tion Committee circulated through the 
gathering, greeting the arrivals cor- 
dially and making introductions. 


Gets Off to a Good Start 


The dinner was excellent and well 
and promptly served, so all were in fine 
humor when C. F. Kettering, master of 
ceremonies, sounded the gavel at 8:30 
and paused a minute for quiet to start 
the program of addresses. Ket lost no 
time in getting into his well-known and 
vastly e1..oyed vein of humorous com- 
ments. He said in part: 


We have just closed a year which has 
meant more to the Society than any other in 
the last 25 years. The reason is that the in- 
dustry has made one of those great cycles 
and landed back at practically the place 
from which it started; it is back today in the 
laps of the engineers and the salesmen. | 
believe I am correct in that statement be- 
cause, at the National Automobile Chamber 
of Commerce dinner the other night, one of 
the features was stories 25 years old. 

There is no question in my mind that the 
world has learned one lesson. I think it can 
be expressed quite simply. The one objec- 
tion to engineers is that they want to change 
things. Sometimes they improve them so 
that they are not quite so good as they 
were before. I have been down at the Auto- 
mobile Show and am impressed very deeply 
by the tremendous amount of work the en- 
gineers haven’t done this last year. Out- 
side of a few minor changes on radiators, 
which they did of their own accord, there is 
little new. I suggest that you take notice of 
the taxicabs in New York City that show 
how the wish can become father to the 
thought in these Mercedes-type racing-car 
cabs, which make you believe you can go 
faster from place to place in a taxicab than 





you can walk. 
the design. 

We all know the abhorrence which pro- 
duction men, financiers, budget-minded ex- 
perts and management have toward change. 
They can always write down how much a 
change is going to cost, but I don’t believe 
they ever had a first-class lesson before in 
how much the absence of change costs. Re- 
gardless of what it costs to make a change, it 
costs a lot more not to make it. 


At least there is novelty in 


Guests of Honor Introduced 


Saying that “we have a very marvel- 
ous program tonight,” the Master of 
Ceremonies took a few minutes to in- 
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troduce the guests of honor at the 
speakers’ table, as follows: 

K. G. McKenzie, president, American So- 
ciety for Testing Materials 

Roy V. Wright, president, American So- 
ciety of Mechanical Engineers 

William B. Mayo, president, National 
Glider Association and chief engineer, Ford 
Motor Co. 

A. M. Hill, president, National Motorbus 
Association 

H. R. Sutphen, president, National Asso- 
ciation of Engine & Boat Manufacturers 

George W. Lewis, National Advisory Com- 
mittee for Aeronautics 

Brigadier-Gen. B. D. Foulois, U 
sistant chief, Air Corps 

Burton J. Lemon. Chairman, S.A.E. Sec- 
tions Committee and field engineer, United 
States Tire Co. 

Alfred Reeves, general manager, National 
Automobile Chamber of Commerce 


H. S. Firestone. president, Firestone Tire 
& Rubber Co. 
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W. G. Wall, past-president of the So- 
ciety 

E. T. Satchel, president, Motor & Equip- 
ment Association 

Lester D. Gardner, member of the board 
of directors, Aeronautical Chamber of Com- 
merce of America 

P. G. Agnew, secretary, American Stand- 
ards Association 

C. E. Bonnett, general manager, Tire & 
Rim Association, Inc. 


President Warner Reviews Conditions 


The next introduction was that of 
President Warner, who spoke in part as 
follows, prefacing his points with amus- 
ing illustrative stories: 


There is a great wealth of uninformed talk 
about overproduction and technological un- 
employment, and, of course, all that must 
be the fault of the man with the technical 
training. There are various ways in which 
we can meet the situation. The easiest, or 
at least the most common, is to engage in the 
pastime, popularized in Washington a num- 
ber of years ago, known as “passing the 
buck.” But it is not enough merely to shift 
the blame; we have to meet the issue square- 
ly. The trouble lies with science truly 
enough, but with too little science rather 
than too much. 

It is commonplace to say that engineering 
is applied science, and it is no less true to 
say that an economic depression is misap- 
plied engineering; misapplied largely as a 
result of a curious but frequently encoun- 
tered delusion that design and production 
are in some way competitive with each other 
and that, if the designer could only be put 
under restraint and stopped from having 
new ideas, the production department would 
be able to get somewhere. Design and pro- 
duction are not in competition with, but are 
supplementary to, each other. The only 
guard against overproduction is a constant 
flow of a wealth of new products. 

There is not, or should not be for us, any 
sharp line of division between engineering 
and economics, or between engineering and 
management. Business depressions are eco- 
nomic phenomena, but they offer their chal- 
lenge to the engineering profession and a 
fresh responsibility and opportunity to its 
members. This means a fresh opening for 
useful activity by their professional organi- 
zations and that we should participate more 
eagerly and profitably in the cooperative ac 
tivities which the S.A.E. and kindred socie- 
ties have initiated and maintained. 


Mr. Warner mentioned briefly as ma- 
jor S.A.E. occurrences in 1930 the cel- 
ebration of the 25th anniversary of the 
Society at French Lick and “the loss of 
our beloved comrade, the Society’s wise 
and shrewd and humorous and tireless 
guide and leader from the days of its 
infancy, whose memory will ever be 
green among us so long as any of the 








C. F. KETTERING 


existing membership survive—Coker 
F. Clarkson.” 

He spoke of the Society’s good for- 
tune in securing John A. C. Warner as 
Mr. Clarkson’s successor and said that, 
despite the business depression of the 
past year, the Society had increased its 
membership, improved its financial po- 
sition and broadened its activities. 

Upon motion made by David Beecroft 
and carried unanimously, the business 
meeting was declared adjourned, to re- 
convene at Detroit in connection with 
the Annual Meeting. 


Kettering Introduces President Bendix 


Master of Ceremonies Kettering re- 
marked that the Warner brothers who 
had been in charge of the Society last 
year are not a subsidiary of Warner 
Brothers, of Hollywood, and he “was 
also informed that they are _ not 
brothers, and upon that I congratulated 
both of them.” He then referred to the 
election of officers for 1931, as an- 
nounced on slips distributed with the 
menus on the tables, and introduced the 
new President-Elect, Vincent Bendix. 
He said he had known this gentleman 
for many years in business and other 
associations and could speak of him 
only in the highest terms. “There is only 
one caution I want to give him for next 
year, and that is not to let his business 
get into the Society and slow it down.” 

President-Elect Bendix, with char- 
acteristic modesty, very briefly thanked 
the members of the Society for the 
honor they had given him and said that 
he was going to do the best he could 
this year to be of help to the Society. 

James Schermerhorn, well - known 
newspaperman and humorist of Detroit, 
was then introduced and kept the gath- 
ering convulsed with laughter for the 
next half-hour with his witty sallies 
and funny anecdotes. 

Introducing as the next and last 
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speaker, Knute Rockne, and his subject, 
Headwork in Place of Footwork, Mr. 
Kettering intimated that if the Notre 
Dame eleven “plays football with head- 
work, maybe our engineering has been 
done the other way round.’ When the 
history of the last four or five years 
is written, he said, it will be stated 
that Knute Rockne did more for the 
Irish than perhaps any other man, be- 
cause he introduced into the category 
of Irish names more new things than 
all the engineers of the Country have 
introduced into their machinery. 


Rockne on Football’s Educational 
Value 


The famous coach, who is an in- 
structor in mathematics at the greai 
Indiana university and something of a 
psychologist, as his talk subsequently 
proved, began with laughable digs at 
the toastmaster, at himself, at Mr. 
Schermerhorn, at General Manager 
Warner and at “Vince” Bendix, his 
“assistant coach from South Bend.” He 
had been waiting a long time, he said, 
to talk to engineers, because the en- 
gineering faculty had been talking to 
him for years, generally saying about 
candidates for the eleven: “He can’t 
play, he’s down in his classes.” An em- 
barrassing experience occurred about 
two weeks previously, when one of the 
players whom Rockne had carried 
about 20,000 miles last autumn, flunked 
in geography. 

Becoming more serious, Coach Rockne 
illustrated with numerous narratives 
the Ways in which football has educa- 
tional value for college students. In a 
rapid-fire, inspirational half-hour ad- 
dress he said that he thought that foot- 





LET’S Go 


ball would be an adjunct to a young 
man’s engineering training, because 
most teachers in engineering now are 
research men who look upon human be- 
ings, particularly boys, as mental au- 
tomatons, and he believes that the 
boys can get experiences in football 
that will enable them to get along a lit- 
tle better in their human relations. 
Four kinds of boys that are not 
wanted on the football teams, said 
Rockne, are those with swelled head 
and dry rot, the disorganizer who thinks 


JAMES SCHERMERHORN 


that nobody is right but himself, the 
quitter and the mucker who hasn’t 
enough character to show those forms 
of generosity known as sportsmanship 
Other types weeded out are those who 
are failing because they make excuses 
to justify defeat, those who are feeling 
sorry for themselves, those who criti- 
cize the faults of their teammates and 
those suffering from an inferiority com 
plex of which they cannot rid them- 
selves. 


Emotion a Factor in Success 


Qualities that make for success in 
business as well as in football are team- 
play for the good of the whole organi- 
zation, hope, and determination in the 
face of apparent defeat. These were 
illustrated interestingly by the recital 
of incidents in critical football games. 

A professor of engineering said to 
the coach before one game, “I don’t be- 
lieve there is any such thing as emo- 
tion; nothing counts but cold intelli- 
gence.” Rockne disagreed and let him 
listen to his talk to the team. Before 
the game with the team from Carnegie 
Institute of Technology he said to his 
team: “You are playing against a great 
team. I think you are just as good as 
they are. I think I know about what 
condition you are in physically and how 
much football you know, but one thing 
I don’t know is what is in your hearts. 
The game is going to be won or lost 
today on what is in your hearts, and 
I want you to go out and show 50,000 
people what is in your hearts. You 
men, all eleven of you, dig those cleats 
in deep, get your jaws set and, when 
you start off for that goal line—drive, 
drive, drive! 

“That is the reason,” concluded the 
speaker, referring to the S.A.E. sign 
on the wall behind him, “why I like that 
sign, Let’s Go, 
you go.” 


because if you go, 






















































Motorboat Meeting Arouses Interest 


Converted Automobile Engines and Marine Engines in Ve rbal Tilt 
—Historical Review Entertains 


we eee of the National Motor- 
» boat Meeting, held in cooperation 
with the National Association of En- 
gine & Boat Manufacturers and the 
Metropolitan Section of the Society, 
can be measured by the fact that the 
room assigned to it was virtually filled 
with about 150 men who showed great 
interest by their attention, discussion 
and remarks after the meeting was 
over. H. R. Sutphen, president of the 
Association and vice-president of the 
Electric Boat Co., called the meeting 
to order shortly after 10 in the morn- 
ing of Thursday, January 22, with re- 
marks acknowledging the assistance of 
engineers in general, and in particular 
the help received from the development 
of the automobile, in producing the bet- 
ter marine engines and boats of today. 

Two sides of one of the chief moot 
questions of the industry were pre- 
sented in the first two papers, one by 
H. E. Fromm, manager of the marine- 
engine division of the Amplex Manu- 
facturing Co., which is a unit of the 
Chrysler Corp., and the other by R. H. 
Garrison, of the Universal Motor Co. 
Mr. Fromm presented the advantages 
of automobile-type engines for marine 
service, while Mr. Garrison told why 
he considered strictly marine engines 
to be more advantageous. 

Mass production and standardization 
as developed in automobile - engine 
manufacture give great advantages to 
this type of engine both in cost and in 
accuracy, according to Mr. Fromm. 
Early adaptations suffered from the 
limitations of small crankshafts and 
splash lubrication, but the modern pres- 
sure-lubricated engine having large 
bearings is amply rugged for marine 
service at the speeds that are much 
lower than are common in automobiles. 

Among the changes that Mr. Fromm 
made in the adaptation are the sub- 
stitution of wide-face spiral gears for 
timing chains, providing auxiliary 
drive for a gear-type water-pump and 
furnishing a tubular-type  oil-cooler. 
Deep or shallow oil-pans are furnished 
according to the angle of installation 
in the boat. The re- 
verse gears are mounted 
directly on the engine, 
and a _ reduction gear 
can be mounted on the 
end of the reverse gear. 


Ear-Marks of the Real 
Marine Engine 


Continuous service at 
full load is a condition 
that Mr. Garrison con- 





siders more severe than that for which 
automobile engines are designed. Plac- 
ing an engine at a considerable angle in 
a boat affects the water circulation in a 
way which must be taken into con- 
sideration to avoid steam pockets, and 
he observes that makeshifts result from 
many of the changes that must be 
made in carbureter mounting and 
manifolding. 

Operation with salt water in the 
cooling system causes rust which the 
steel core-print plugs ordinarily used in 
automobile engines are not suited to 
withstand and also make it desirable 
to have cylinder-head-studholes and 
other threaded holes tapped _ blind, 
which is a procedure that is too slow 
and expensive for mass 
production. Different 
conditions as to moisture 
and temperature also 
make it advisable’ to 
have different fits at dif- 
ferent points in engines 
of the two classes. 

Accessibility in a ma- 
rine engine is had under 
conditions that are wide- 
ly different from those 





ing of car manufacturers by calling the 
converted engines by their proper 
names. 

Milestones of the Motorboat was the 
apt title of the historical paper by 
A. E. Luders, president of the Luders 
Marine Construction Co., who gave a 
racy review of the development of 
gasoline-propelled boats from the be- 
ginning of the present century, when 
the motive power invariably was a 
heavy-duty slow-speed engine weighing 
100 lb. or more per hp. and modeled 
after the marine steam-engine. 

The lack of safety precautions at 
that time was illustrated by an in- 
cident during the trial trip of a small 
cruiser in the course of which the 
owner’s collie wagged his 
tail into a vertical drive- 
shaft. That was the end 
of that tail. That con- 
ditions have not im- 
proved too much in re- 
spect to safety is shown 
by an accident under 
similar conditions only a 
couple of years ago, the 
casualty in that case be- 





of an automobile en- 
gine, in which it is convenient to re- 
move the oil-pan. Split flywheel-hous- 
ings permitting the removal of the 
oil base without taking off the flywheel, 
provisions for removing the valve push- 
rods through the valve compartment 
and accessibility of the oil-pump are 
examples of features usually found in 
modern marine engines but not in con- 
verted automobile engines. 

Marine engines see many more years 
of service than automobile engines, and 
marine-engine manufacturers provide 
service parts almost indefinitely. The 
shorter average life of automobiles 
makes service conditions in converted 
engines less favorable, in Mr. Garri- 
son’s opinion, after they are a few 
years old. 

Mr. Garrison admits that some 
marine-engine shops lack modern facili- 
ties, but he asserts that numerous in- 
dividuals with only a lit- 
tle garage equipment are 
converting car engines. 
Purchasers of engines 
from such shops run the 
risk of having their en- 
gines orphaned as_ to 
conversion parts. 

In conclusion, Mr. 
Garrison asks why con- 
verters do not take ad- 
vantage of the advertis- 
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ing the skirt of a petty 
officer’s heavy coat. 

Soon after the beginning of the cen- 
tury, newspapers and nautical maga- 
zines gave publicity to races at Monaco 
between light motorboats powered with 
automobile engines, and the Harms- 
worth Trophy was offered for competi- 
tion at about that time. These inci- 
dents marked the birth of a sport which 
has grown to be an important industry. 

Thundering exhausts from the Vingt- 
et-un, which made the breathless speed 
of 17 m.p.h.; the Standard; the 
XPDNC; the Dixie, and other creations 
of Smith & Mabley, Herreshoff, Crane 
and other designers were heard as Mr. 
Luders’ story proceeded. 

From Essington, Pa., came a bulky 
boat, designed by John Sheppard and 
powered with a pair of Chadwick auto- 
mobile engines. Not for several years 
was its V-bottom duly credited for its 
achievement of 31 m.p.h. Another in- 
cident the true significance of which 
remained unheeded for several years 
was the fainting of the engineer of 
the Dixie II as it won a race, because 
of the exhaust gases discharging into 
the atmosphere just ahead of the crew. 

The electric starter was said by Mr. 
Luders to be as revolutionary in effect 
on the marine-engine field as on the 
automobile. Marine engine design 
profited largely from developments in 
the automobile industry. Ability for 
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these developments was 
not lacking among the 
marine-engine builders, 
but they were hampered 
by small production. De- 
velopments that were 
particularly important 
in boats—such as im- 
provements in oil filter- 
ing and cooling, mani- 
folding and prevention of 
leakage of gasoline and 
oil—stand to the credit of the marine- 
engine builders. 

In closing, Mr. Luders advanced the 
claim that no other sport or industry 
has reached the position enjoyed by 
the boat and marine-engine builders 
with so few casualties to mar the path 
of its progress. 


Observations from Europe 


In opening the discussion, which was 
deferred until all three papers had 
been read, Chairman Sutphen remarked 
that automobile builders undoubtedly 
are coming into marine-engine produc- 
tion. He told of visiting Europe last 
fall in company with Charles F. Ket- 
tering and George W. Codrington, 
president of the Winton Engine Co. 
While there, they visited the third mo- 
torboat show held in Paris, in a build- 
ing on the banks of the Seine. Engines 
were shown running in a building on 
the dock, and demonstrations were being 
given on the river. Chairman Sutphen 
said that the industry on the whole is 
not as far advanced in Europe as in 
this Country, but Europeans are show- 
ing greater interest in reduction gear- 
ing and in Diesel engines. Many evi- 
dences of the latter interest were seen 
in Germany and Switzerland, including 
one group of eight 7000 hp. two-cycle 
engines weighing 10 lb. per hp., to 
serve as the powerplant for one boat. 
These engines rotate at 350 r.p.m. 

A comparison of the mileage in im- 
proved highways and in waterways 
shows that the volume of production of 
motorboats will never equal that of au- 
tomobiles, said Mr. Warner, of the 
Beaver Boat Co. One of Mr. Warner’s 
mechanical observations was that the 
side clearance in gear-type water- 
pumps is much more important than 
the tooth clearance. This remark was 
made in connection with Mr. Fromm’s 
claims of the durability of a gear pump 
having the impeller gears driven inde- 
pendently by lubricated gears inside 
the gear case. 

Chain drives for marine-engine cam- 
shafts were defended by John W. 
Oehrli, of the Lycoming Mfg. Co. He 
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said that converted en- 
gines are not the best, 
but few changes are nec- 
essary in adapting an 
automobile engine to ma- 
rine service. Block cast- 
ings he considers better 
than individual  cylin- 
ders, and economical ser- 
vice is provided by re- 
movable cylinder-liners. 

Differences between au- 
tomobile and marine requirements men- 
tioned by F. H. Dutcher, of Columbia 
University, include the greater impor- 
tance of fuel economy in the marine 
engine, possibility of valve timing ex- 
actly suitable for the ordinary speed 
and the need of designing a piston to 
keep hot in the automobile and for ade- 
quate cooling in the marine engine. He 
said that the automobile type of engine 
may be slightly more difficult to ser- 
vice, but it is built so that little ser- 
vice will be required. 

Questioned regarding the accessibility 
of oil strainers in converted engines, 
Mr. Fromm said that they cannot be 
removed conveniently but that the 
basket type of strainer does not gather 
foreign matter and clog because the 
oil is drawn up through it. 


Observations of Years Are Summarized 


Conclusions drawn from 25 years’ 
experience in marine engines were sum- 
marized briefly by L. H. Grisell, of the 
Scripps Motor Co., as follows: 

(1) Manifolds, especially on L-head en- 
gines, should be placed so that their weight 
tends to neutralize the torque. 

(2) Cylinder-blocks should be designed 
so that blow-by does not strike cold sur- 
faces where it will tend to form sludge and 
cause corrosion of valve-springs and _stick- 
ing of valves. 

(3) Life and dependabil- [ 
ity of the generator are best 
when it is mounted on a 
bracket at some distance 
from the engine and driven 
by some flexible drive like a Be - Ib 
belt. kee 

(4) Exhaust manifolds 
should be located below the 
cylinder ports, so that con- 
densation will not flow back 
onto the valves. 


(5) All-aluminum pistons having thick 
heads are more rigid and satisfactory for 
large marine engines than are pistons of the 
Invar-strut type. 

(6) The oil-pan should extend under the 
reverse gear, to prevent careless dumping of 
oil into the bilge when the reverse gear is 
removed. 

James Craig made some additions to 
the reminiscences in Mr. Luders’ pa- 








per and brought to mind the basic 
benefits of the automobile and motor- 
boat industries in that they help the 
people who live in closest communities, 
amounting to about two-thirds of the 
inhabitants of the Country to reach 
Nature’s charms quickly and easily. 
He also quoted H. R. Ricardo’s state- 
ment that the small internal-combus- 
tion engines in the world totaled 
300,000,000 hp., more than 10 times 
the total power of steam engines, oil 
engines, hydraulic plants and all other 
prime movers. 

Chairman Sutphen called attention 
to the report of a committee of the 
National Association of Engine & Boat 
Manufacturers on safeguarding pro- 
visions against fire hazards and for 
safety in other respects, which is avail- 
able at the office of the Association. 
Crankcase ventilation and _ backfire 
traps are covered in this report, and 
suggestions for further recommenda- 
tions are requested. 


S.A.E. Exhibit at Motorboat Show 


The Motorboat Meeting was held dur- 
ing the Motorboat Show in a room pro- 
vided by the Home-Making Center 
which is located in the Grand Central 
Palace. 
was served, and tickets to the luncheon 


bore coupons good for admittance to: 


the Show. 

An exhibit space in the Show was 
occupied by the Society, examples of 
the standardization work and publica- 
tions of the Society being featured 
therein. The space was manned by 
Society employes during the day and 
by members of the Metropolitan Sec- 
tion each evening. Among the exhibits 
featuring S.A.E. standards were the 
following: Westinghouse electric lamps; 
—y for motorboat lighting: 

A-C and Champion 

spark-plugs; Hyde pro- 
pellers showing hub 
standards and propeller- 
shaft couplings; and Elco 
propeller-shaft ends with 
standard taper fitting 
= = | and six-spline shaft fit- 
ting. In addition, a 
— sey | Chrysler Majestic engine 
i: and two Universal en- 
gines were shown, with small signs call- 
ing attention to various points where 
S.A.E. standards are used. Prominent 
in the booth was a sign presenting the 
program of the Motorboat Meeting of 
the Society, with a ribbon from Mr. 
Fromm’s name on the program to the 
Chrysler engine and another from Mr. 
Garrison’s to the Universal engine. 


After the meeting a luncheon: 


Oe 


Miami Aeronautic Meeting 


Jimmie Doolittle Was Toastmaster at Dinner of S. A. E. 


and Local Industrial Association 


TS All-American Air Races neld 
- this year in Miami on Jan. 8, 9 and 
10 brought together not only a large 
number of well-known racing pilots, 
but also a general assemblage of the 
executives and engineers from the in- 
dustry. 

The S.A.E. dinner held on the night 
of Jan. 8 was a joint affair with the 
Greater Miami Industrial Association 
in conjunction with the Aeronautical 
Chamber of Commerce. As last year, 
it was held at the Columbus Hotel 
which was also the Air-Race head- 
quarters. 

Under the able guidance of Lieut. 
“Jimmie” Doolittle, the affair got under 
way at 7:30. The regular program was 
augmented by a few words of greeting 
from each of the guests at the speak- 
ers’ table, interspersed with Doolittle’s 
humorous remarks and introductions. 

Igor Sikorsky had been announced on 
the program as the first speaker, but 
he was unable to be present for busi- 
ness reasons and sent Nicholas Solo- 
vioff as his representative to present 
the talk on Ships with Wings, which 
Mr. Sikorsky originally intended to de- 
liver in person. Mr. Solovioff pointed 
out the great difference between the 
miles over water and the miles over 
land which must be flown if interna- 
tional air transportation is to become 
a reality. His talk centered around the 
valuable service of flying boats in this 
kind of transportation, emphasizing 
his remarks with figures concerning the 
use of boats and amphibians in pres- 
ent-day transportation systems, Pan- 
American Airways in particular. Mr. 
Solovioff has been associated with Mr. 
Sikorsky in the development of am- 
phibians since the early conception of 
this type of airplane and is qualified 
to discuss flying ships with authority. 

Speaking on Inter-American Air 
Trade Relations, Leighton Rogers, head 
of the Aeronautic Trade Division of 
the United States Department of Com- 
merece, traced the history of the devel- 
opment of transportation and its re- 
lation to trade development and the 
extension of civilization from the days 
of the animal-drawn sled to the present 
means of transportation by air. In 
every case of the development of the 
new type of vehicle, according to Mr. 
Rogers, peoples had sought new land 
and new markets for their commodities. 
Any new form of transportation, in his 
opinion, must supply three fundamental 
needs, which are speed, the ability to 
open up new territory, and the ability 


to furnish new markets for new and 
old commodities and luxuries. Air 
transportation meets all three of these 
requirements. 

Mr. Rogers, in commenting upon the 
possibilities of our trade with South 
America alone, quoted figures indicat- 
ing the extent to which we are depen- 
dent at present upon South America for 
certain commodities and at the same 
time showing the vast percentage of 
our exports which go into the Latin- 
American countries. The value of air 
transportation for salesmen and execu- 
tives, not only in developing our own 
export markets but in purchasing com- 
modites and luxuries for import, was 
but one of the points touched on. The 
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enormous savings in the transporta- 
tion by air of payments for materials 
purchased at a distance was pointed 
out by Mr. Rogers, it being possible, 
because of the time saved and the enor- 
mous amounts involved, to show a sav- 
ing of thousands of dollars in interest 
alone on money so expended. 

Guests at the speakers’ table in- 
cluded, in addition to the Toastmaster 
and scheduled speakers, Hon. David S. 
Ingalls. Assistant Secretary of the 
Navy for Aeronautics, and his aide, 
Lieut-Com. Moulten; Admiral William 
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Moffett, Chief of the Bureau of Aero- 
nautics, United States Navy, and his 
aide, Lieut-Com. Stanley Ring; Mayor 
Reeder, of the City of Miami; E. E. 
Aldrin, of the Standard Oil Develop- 
ment Co., who was also the official rep- 
resentative of the Aeronautical Cham- 
ber of Commerce; Sir Charles Orr, 
Governor of the Bahama Islands; B. B. 
Freeland, Dr. B. F. Ashe and Alex- 
ander Orr, three representatives of 
Miami civic organizations; and Walter 
Bruns, executive secretary of the 
Greater Miami Industrial Association. 

The All-American Air Races were 
unquestionably the most successful of 
this series of Miami events, of which 
these were the third, and were excep- 
tionally well attended. In addition to 
the schedule of race events, the meet- 
ing was featured by daily demonstra- 
tions of the Autogiro, piloted by James 
Ray, and of McDonnell’s Doodlebug. 
Formation flying was presented daily 
by a squadron of Marines and also by 
three Navy pilots, the last two groups 
competing on Saturday for the Sir 
Charles Orr Trophy. This contest for 
the best formation flying was judged 
by Leigh Wade, one of the around-the- 
world flyers; David S. Ingalls, Assis- 
tant Secretary of the Navy; and Carl 
Egge, Secretary of the National Air 
Pilots Association. By a unanimous 
opinion of the judges, the trophy was 
awarded to the Marine-Corps fliers, for 
their very spectacular exhibition. 

A very interesting new development 
seen at the races was the adjustable- 
pitch propeller, hydraulically controlled, 
with which the Hamilton Standard 
Propeller Company’s Sikorsky was 
equipped. This was one of the experi- 
mental propellers put out by this com- 
pany in its test routine, and it amply 
demonstrated its value. 

A feature of the race events were the 
amphibian races from the field to Bis- 
cayne Bay and return on Saturday. 
The contestants were required to fly to 
the Bay, catch a fish, and return, the 
first pilot delivering a fish to the 
judge’s stand being adjudged the win- 
ner. The following day a similar race 
was held, in which the pilots returned 
with alleged bathing beauties. Bomb- 
dropping contests, dead-stick landings 
and balloon bursting were daily events. 

Noticeable improvement over previ- 
ous air races in the handling of the 
public-address system and the supvly- 
ing of information as to contestants’ 
time, contributed much to the success 
of the meet. 
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Chrojicle and Cosmment 


Heard on Jan. 8 ACCORDING to C. F. Kettering, to 
make a change may be costly, yet it 
costs a lot more in many cases not to make it. 

“The engineer has been in a strait-jacket for the 
last ten years,” said Mr. Kettering at the Annual Din- 
ner, “and I am wondering whether now, since he has 
had some liberties with his hands and perhaps with his 
head, he can take his old warped slide rule and really 
go out and figure something new. I am wondering 
whether or not his imagination has not been thwarted 
somewhat, but I am telling you today that an idea is 
worth money, and we ought to have as many ideas now 
as we ever had.” 

From Knute K. Rockne, principal speaker at the An- 
nual Dinner, came the following observations: 

“Egotism is the anaesthetic that deadens the pain of 
one’s stupidity.” 

“Success is based on what the team does, not on how 
you look.” 

“Enthusiasm is the emotional urge that makes us do 
better than we know.” 

James Schermerhorn included in his humorous dis- 
cussion the story of his friend who said that he was 
ready for any fate, because his checks had been com- 
ing back for several weeks marked “‘No funds” and 
finally he got one marked “No bank.” 

“A fine time was had by all” and nearly a thousand 
members who attended were very warm in the praises 
of Walter T. Fishleigh, F. K. Glynn and Burton J. 
Lemon, the members of the Annual Dinner Committee. 


Gift for Past-President Warner ONE of the best at- 

tended and pleasant- 
est of the 1930 Council meetings was that held in New 
York City on Jan. 8. In recognition of their high es- 
teem and as a memento of a profitable year of coopera- 
tive effort, the Councilors presented to the retiring 
President, Edward P. Warner, a beautiful electric clock 
accompanied by an embellished certificate of apprecia- 
tion. 


QUESTIONS of proper selection and 
installation of engines for motor- 
boats were thoroughly aired when three excellent papers 
were presented to a large gathering of motorboat en- 
thusiasts at the Annual Motorboat Meeting that was 
sponsored this year by the Society and its Metropolitan 
Section, in cooperation with the National Association 
of Engine & Boat Manufacturers. President H. R. Sut- 
phen, of the Association, directed the meeting and the 
luncheon which followed it, as reported elsewhere in 
this issue. 


Engines for Boats 


The New Roster PREPARATIONS are almost completed 
for issuing the 1931 Membership 
Roster, which will contain the names, addresses, com- 


pany connections and geographical locations of all So- 
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ciety members, together with a great deal of additional 
information regarding officers, committees and the like. 

Many members have indicated their desire that a 
Roster be sent to them upon publication; those who 
have not so indicated should do so at once by writing 
to headquarters. 


Annual Meeting Scores a Hit JUDGING from many favor- 

able comments, the Society 
has never witnessed a more successful and worthwhile 
Annual Meeting than that which occupied the week of 
Jan. 19 in Detroit. 

Such affairs are the result of a lot of hard work and 
the devotion of considerable intelligence and thought 
by those members of our Society who work so effectively 
as committee members, authors, speakers and chairmen. 
Sincere congratulations and appreciation are offered by 
the membership to those who were responsible for the 
success of The Big Event. 


Council Selects L. Clayton Hill L. CLAYTON HILL was 


the unanimous choice 
of the Society’s Council as Councilor for the current 
administrative year. 

Mr. Hill brings to the Council a wealth of experience 
in Society work that was gained during his connection 
with the headquarters staff as Assistant General Man- 
ager and since that time. He has been active in the 
work of the Detroit Section and has served in numer- 
ous capacities, including that of Chairman during the 
past year. 

Mr. Hill fills the vacancy on the Council that was left 
when F. K. Glynn resigned as Councilor-at-Large to 
accept the Vice-Presidency of the Transportation and 
Maintenance Activity. 


Our Retiring Toilers NEw officers and committees are 
busily engaged in the work of 
the current administrative year. They will make con- 
siderable progress and will derive a large measure of 
benefit from this work, and a degree of compensation 
will come from successful promotion of the Society’s 
interests. 

In the enthusiasm that accompanies the advancement 
of new plans, due recognition should be accorded to our 
retiring President, officers, councilors and committee 
men, who have been most instrumental in the establish- 
ment of new records and the attainment of important 
goals in the Society’s history. Very few members who 
do not actually go through the mill can easily appreciate 
the vast amounts of time and energy that are given to 
the Society’s welfare, ungrudgingly, by those who each 
year direct its destinies. 

The Detroit Section paid a very fitting compliment to 
the Past-Presidents of the Society, who deserve our un- 
failing gratitude, by featuring them as guests of honor 
at the Thursday evening banquet of Annual Meeting 
week. 














ee 





ROM A WORLD point of view the establishment 
of airways over the ocean is of more economic 
importance and will have a greater effect on inter- 
national trade and the comity of nations than will the 
millions of dollars now being expended in establishing 
and extending continental airways. Foremost among 
possible ocean-airway routes, the economic need for 
transatlantic airplane service is becoming more impera- 


1 President and general manager, Armstrong Seadrome Develop- 
ment Co., Inc., Wilmington, Del. 


Annual Meeting Paper 


By Edward R. Armstrong’ 


tive as the peoples of this and other countries become 
increasingly air-minded and recognize more and more 
the saving of time and money that is possible by this 
new means of transportation. 

However, ocean flying, to be popular and useful, must 
be safe and profitable. Danger is inherent because of 
the distance that must be traveled without refueling 
and without engine inspection, weather reports or any 
of the other services that have made overland fiying 
commonplace and reliable. That ocean airways, to be 





Herein the inventor and designer of the seadrome analyzes 
the possibilities of commercial operation of transoceanic air- 
lane service in general and with special reference to trans- 
atlantic operation. He shows the impracticability of carrying 
a payload on a non-stop flight of 1800 miles or more now 
required between land on the Great Circle route or the route 
from America to Europe by way of Bermuda and the Azore 


Islands. 


Continental and intercontinental 


airways now in 
operation are successful only because the flight distance, with- 
out refueling, rarely exceeds 400 miles. 

Ocean flying must be safe as well as profitable. Weather 
conditions present the greatest hazard in aviation, whether 
over land or sea; and danger in long over-water flights is 
inherent because of the distance that must be traveled without 
refueling and without engine inspection, weather reports or 
any of the other services that make overland airplane ser- 
vices commonplace, reliable and safe. 

Establishment of safe and profitable transatlantic airplane 
operation is shown to be feasible only if floating landing and 
service stations are provided at intervals of approximately 


350 miles along the route. The seadrome was designed to 
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serve as such a station and every detail of it has been worked 
out on an engineering basis with the cooperation of leading 
marine architects and shipbuilding, structural and aeronautic 
engineers. The major engineering and manufacturing com- 
the United States have been associated in the 
development. Theoretical calculations have been supported 
by model small-scale tests. The structural features 
are illustrated and described, and methods of fabrication, as- 
sembling, towing to location and anchoring explained. 

The projected route contemplates eight such seadromes lo- 
cated in a direct line from a point midway between Halifax, 
Nova Scotia, and Bermuda, where the first seadrome will be 
located, and Flores Island in the Azores, thence on a line 
to Plymouth, England, and/or Brest, France. 

Estimates of the cost of establishing and operating such a 
route and of revenue to be derived are given. 


panies in 


and 


The author concludes his paper with an interesting dis- 
cussion of the legal aspects of the project, including possible 
international complications, and shows that authoritative opin- 
ion holds that the seadromes will be private property subject 
to protection by the American Government. 
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successful, must pay is obvious and axiomatic. To be 
profitable, the transportation service they offer must 
be at rates that will attract traffic. The economic flight 
range of an airplane of any type now developed or pro- 
posed, equipped for ocean flying, will not exceed 500 
miles; and to extend this payload range to 1000 miles 
will require almost an engineering miracle. Funda- 
mentals of design and performance very definitely limit 
the economic flight-range to distances that fall far 
short of spanning either the Atlantic or Pacific ocean. 
Successful continental and intercontinental airways 
now in operation, ranging in length from 3000 to 10,000 
miles, are possible and successful only in that their 
flight distance, without refueling, rarely exceeds 400 
miles. 

The fuel load required on long flights is an insuperable 
bar to payload. Improvements such as reduction in 
engine weight, increased power, reduced fuel consump- 
tion, more efficient propellers, and wings of less re- 
sistance will not greatly affect the economic non-stop 
range of airplanes or extend their possible flight dis- 
tance much beyond that noted. Therefore, nothing is 
in sight to justify the frequently expressed opinion of 
both the layman and the technician that, because of 
improvements in airplane efficiency, we shall shortly 
have ocean airways connecting the continents and oper- 
ating with a frequency and reliability 
commensurate with the land lines 
now being developed. Obviously, to 
establish a safe and economic airway 
operation between Europe and Amer- 
ica, the obstacle of non-stop distance 
must be eliminated. Therefore the 
problem in establishing ocean airlines 
is to break the distance up into in- 
tervals commensurate with those dis- 
tances found to be essential and prac- 
tical for overland routes. This is the 
purpose for which the seadrome il- 
lustrated in the heading for this paper 
is designed. A series of eight of these 
structures, anchored to the bottom of 
the Atlantic, at intervals of approxi- 
mately 350 miles, will remove the haz- 
ard from ocean flying and make pos- 
sible a paying operation daily, at rates 
little if any in excess of those now 
charged by the high-speed steamship 
lines. 

The seadrome is a floating landing- 
deck high above the waves, moored at one end so as 
to trail into the wind and long enough and wide enough 
tc make possible the landing and taking off of the 
largest planes, the whole structure supported by a num- 
ber of tubular columns of such shape and so arranged 
that passing waves will go through the assembly with- 
out being broken up. Buoyancy tanks are located below 
the columns supporting the deck truss and floor system, 
so as to be in the relatively undisturbed water under 
the waves. Still farther down, ballast tanks bring the 
center of gravity below the center of buoyancy and give 
the whole structure adequate stability. These ballast 
tanks are extended in circular form to act as damping 
discs to prevent any oscillation. 

Before describing the seadrome system in detail, 
some of the technical and economic facts that led to the 
development, as being the only practical solution of the 
problem of ocean airways, will be given. 


EDWARD R 
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The opinion held quite generally by the public, and 
too often sponsored by aeronautic engineers and those 
associated with aviation development, is that super- 
sized airplanes, flying at terrific speed over great dis- 
tances, will shortly be the vehicle of our major trans- 
portation systems. Nothing justifies this conclusion in 
the face of airplane-flight efficiency curves. The pounds- 
per-horsepower curve is possibly the simplest example 
and the best measure of performance, which, in the last 
analysis, is the basis of economic operation. Fig. 1 
shows the load carried per horsepower, in terms of speed 
in miles per hour, for practically all representative air- 
planes of the present day both here and abroad. Fig. 
2 gives the same information for 1920, 1925 and 1930. 

In the range of practical operating speed between 
100 and 200 m.p.h. little improvement has been made 
in the weight carried per horsepower during the 
last 10 years. The first airplane to cross the Atlantic, 
the NC4, in 1919, carried virtually the same load per 
horsepower as the latest contestant for transatlantic 
honors, the Dornier X. The NC4, with four Liberty 
engines totaling 1600 hp., carried 28,000 lb. while the 
Dornier X, with 12 engines of 7200 hp., carries some- 
thing over 100,000 lb. 

Proposals for transatlantic airlines, operated both 
with dirigibles and with airplanes, are frequently made. 
A wide search of the literature will 
fail to reveal capital-cost estimates and 
operating costs that will justify such 
ventures as business proposals. Com- 
mander Burney, of the R-100, follow- 
ing the recent suceessful crossing of 
the Atlantic by the British dirigible, 
estimated that $25,000,000 would be 
required to establish a bi-weekly ser- 
vice between America and Europe. No 
one, as far as I am aware, has made 
public even a tentative estimate of a 
transatlantic service by airplane. 

The suggestion has frequently been 
made that the Atlantic route via Ber- 
muda, the Azores, Spain and then to 
Europe would be feasible for an air- 
mail service at least, which possibly 
could later be developed for passenger 
carrying. Black & Bigelow, consulting 
aeronautical engineers associated with 
the seadrome development, have made 
a rather complete study of seadrome 
ocean-airway operations and have pre- 
pared a comparative estimate from an economic point of 
view of a non-seadrome line over the Bermuda-Azores 
route. Predicating the operation on the use of flying-boat 
equipment that is now available or in process of build- 
ing, they show that it is not technically possible to 
operate the Bermuda-Azores hop, exceeding 2000 miles, 
with any payload at all; so all such proposals must 
await the development of the superplanes which ap- 
parently will be possible only by some revolutionary 
discovery that cannot now be forecast. 


Long Airplane Flights with Payload Impracticable 

The following summary prepared by Black & Bige- 
low in connection with their investigation of a non-sea- 
drome airway route to Europe is of special interest at 
this time when so much public attention is being di- 
rected to ocean airlines: 


We have studied the performance characteristics 
























































THE ECONOMICS OF SEADROME-SYSTEM OCEAN AIRWAYS 


of existing flying boats and amphibians and have 
worked out the possible payload at varying flight- 
ranges. We find it impractical to achieve sustained 
flight over 1800 miles with payload under normal con- 
ditions of service operations with any existing suit- 
able aircraft. Not only is there no present suitable 
equipment which would carry a payload with safety 
over this distance, but there is none which could even 
achieve scheduled operations with no payload at all 
over such a route. (See Fig. 3.) 

Although the shortest over-water distance between 
North America and Europe, excluding the Arctic 
route, is that from Newfoundland to Ireland, we do 
not believe the daily operation over this route pos- 
sible owing to weather conditions. The only poten- 
tially possible route is, therefore, via Bermuda and 
the Azores, involving an over-water hop between the 
two mid-ocean points of more than 2000 miles. 

From a study of the advancement made in flying 
characteristics of transport aircraft during the last 
decade, we find that there is no trend which would 
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would wreck it and, metaphorically, send its foolish 
sponsors to a watery grave. If a seadrome had any of 
the characteristics of a large ship I would be in agree- 
ment with such an opinion. However, a seadrome is not 
a ship, subject to the shearing and bending forces of 
large waves, but is a deep-draft open-work structure 
constructed so that the wind and waves can pass 
through it with virtually no disturbance or loss of 
energy. 

The final form of the seadrome is the evolution re- 
sulting from 15 years of investigation, designing and 
testing. Beginning with the first design in 1915, about 
20 different types have been made the subject of ex- 
periment and study. The basic structure represented 
in the present design was originated in 1919 and, as 
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regard single-engined aircraft as providing the requi- 
site safety and reliability for such an operation. 


Seadrome Is a Deep, Streamlined Truss Structure 


An understanding by the reader of the structure and 
principles of operation of the seadrome is advisable be- 
fore I attempt to develop the economics of the sea- 
drome ocean-airway operation. Both technicians and 
laymen have expressed skepticism regarding the 
feasibility of permanently anchoring a large floating 
structure in the deep waters of the Atlantic and in 
general have hazarded the guess that the first real gale 


basic principle of the structure as being the 

only feasible way of building a floating station 
suitable for ocean airport service. Therefore the widely 
held opinion that no other type of structure will success- 
fully serve the purpose and survive under the weather 
conditions associated with the service seems amply 
justified. 

Fig. 4 is an elevation and deck plan of the sea- 
drome, and Fig. 5 shows cross-sections and stability 
diagrams. 

The seadrome deck, which is of steel and stands 70 
ft. above the sea level, is 1100 ft. long, 340 ft. wide in 
the middle zone and 180 ft. wide at the ends. It is 
supported by 32 buoyancy tanks connected to the deck 
by means of streamlined iron columns, the whole form- 
ing a deep truss composed of tubular struts and steel- 
cable ties. The buoyancy tanks are arranged sym- 
metrically in four rows, the outer rows being composed 
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of five tanks, each 34 ft., in diameter, and the central ancy tanks averages 100 ft. Below the buoyancy tanks, 
rows of 11 tanks, each 27 ft. in diameter. All tanks’ the lower columns extend about 100 ft. to support the 
are 38 ft. deep. The longitudinal spacing of the buoy-_ ballast tanks, which contain sufficient iron-ore ballast 
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Shallow Dratt Partly in Section 


Fic. 4—PLAN AND ELEVATION OF SEADROME, SHOWING RELATIVE DRAFT WITH BALLAST COLUMNS EXTENDED AND WITH 
THEM TELESCOPED INTO THE BUOYANCY COLUMNS 
Plans of Upper-Deck and Main-Deck Streamlined Hangars Are Shown Above and Below the Deck Plan of the Seadrome 
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to bring the center of gravity of the structure as a 
whole about 10 ft. below the center of buoyancy. 

Because of the peculiar arrangement of its elements, 
a seadrome does not roll, pitch or heave when exposed 
to wave action. Waves go through the open-work 
structure without being disturbed or having their 
orbital movement of propagation broken up, so no 
energy is released from the wave system and therefore 
almost no stresses are produced in the seadrome when 
it encounters the maximum in. waves associated with 
the most severe storms at sea. 

All exposed parts of the seadrome in the region of 
the water line and above it are of streamline shape to 
reduce wind resistance to the minimum. The system 
of lower columns is made amply strong so as to avoid 
the need of struts and ties, which would greatly in- 
crease the water-current resistance and introduce con- 
siderable complication in erection and maintenance. 

The deep-sea draft of the seadrome, on station duty, 
is 177 ft. Obviously, such a great draft precludes erec- 
tion close to shore; therefore, to make this operation 
possible in shallow water, with a draft of approximately 
44 ft., the ballast-tank columns are designed to tele- 
scope into the streamlined upper columns connecting the 
buoyancy tanks with the deck. The ballast, ballast 
tanks and ballast-tank columns, under this condition, 
are supported by the buoyancy of the ballast tanks. 


Structural Design and Materials 


The structural weight, as finally worked out, exceeds 
that estimated in the preliminary design, the total being 
about 17,500 tons. In general, the deck system has been 
designed by structural-steel and bridge engineers in 
accordance with the specifications of the American In- 
stitute of Steel Construction. The buoyancy system, 
designed by naval architects and shipbuilders, is accord- 
ing to American Bureau of Shipping and Lloyds re- 
quirements. Soft steel is the principal construction 
material, and the joints are riveted, the single exception 
being the deck plates, which are welded. Special rivets 
are specified in all locations directly exposed to sea 
water, to minimize corrosion brought about by elec- 
trolytic action. 

Decks and bulkheads divide the buoyancy tanks into 
seven water-tight compartments, a total for the whole 
structure of 224 subdivisions. This number is believed 
ample to assure adequate buoyancy under all conditions 
at sea. An electrically-driven bilge pump is provided 
in each buoyancy tank and connected so as to drain 
seepage water from any compartment. Provision is 
also made to use compressed air to clear any compart- 
ment of water, should this be necessary. Either the 
bilge pump or the water system is used to maintain 
the desired water-line displacement and trim. Any 
compartment is accessible for maintenance and repair 
from the inside, special paints being ordinarily used 
to inhibit corrosion. 

The streamlined columns connecting the deck with the 
buoyancy tanks are made of iron because investigation 
has shown that iron is very resistant to corrosion by 
salt water. The life history of anchored lightships has 
been studied and gives additional support to the opinion 
that the seadrome structure, when constructed as 
planned, will not corrode sufficiently to affect its 
strength or performance during the first 20 years of 
its life. As the amortization period assumed in the 
financial set-up is 10 years, that figure seems quite con- 
servative. 


Dimensions of the seadrome are those found neces- 
sary for stability and safety at sea and exceed those re- 
quired for airway operation, according to landing and 
take-off experiments conducted at Roosevelt Field, L. L., 
from a seadrome area in which a twin-engine Sikorsky 
amphibian was used. On the average only 60 per cent 
of the central runway was required for landing and 
take-off without the use of brakes. In view of the 
trend to larger airplanes, provision is made in the 
structural design for lengthening the landing deck at 
sea by 200 to 400 ft. to an ultimate length of 1500 ft. 
or more should this prove desirable after some service 
experience. A considerable increase in length would 
not materially increase the stresses in the structure 
because the maximum wave-length encountered at sea 
is the stress-controlling factor after the length of the 
floating structure exceeds 1000 ft. From a structural 


Landing Deck 





Light Condition 


Fic. 5—Cross-SECTION AND STABILITY DIAGRAMS FOR DEEP 
AND SHALLOW DRAFT, IN LOADED AND LIGHT CONDITION 
The Data Are as Follows: 


In Loaded Condition, Deep Draft 











Weight Buoyancy 
Tons Tons 

Live Load 1,050 Upper Columns 5,454 
Light Weight 26,904 Buoyancy Chambers 13,334 
Water in Buoyancy Lower Columns 5,186 

Chambers 4,972 Ballast Chambers 13,576 
Water in Lower Columns 5,450 
Water in Ballast Total 17,876 

Chambers hi 9,500 Tons per Foot 273 
Total 47,876 

In Light Condition, Shallow Draft 
Weight Buoyancy 
Tons Tons 

House Deck and Trusses 7,470 Buoyancy Chambers 13,334 
Upper Columns 2,466 Ballast Chambers 13,570 
Diagonal Cables 245 <amuanialieal 
perenee Chambers ag + Total 26,904 

ipe Struts 265 617 
Lower Columns 826 Tons per Foot 
Ballast Chambers 2,272 
Ore Ballast 9,300 
Total 26,904 
Structural Steel in Legs, 

net tons 10,877 

Stability 
Loaded Light 

5-Deg-Angle Wind Pressure, ft-lb. 413,728,000 393,376,040 
10-Deg-Angle Wind Pressure, ft-lb. 602, cae 600 525, 736, 492 
Righting Moment, 5-Deg. Angle, ft-lb. 750,695, "680 903,974,400 


Righting Moment, 10- Deg. Angle, ft-lb. 1, 286, 906, 880 1, 267, 153,920 
Calculations based on a 100-mile gale ; 40 Ib. per sq. ft. side- 
wind pressure. 
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and stress point of view, a seadrome could be 1800 ft. 
long, or more if necessary. 


Provisions for Hangars, Personnel and Passengers 


The design laid down includes hangars and personnel 
space on both sides of the deck, but limiting the hangar 
space to one side and providing personnel quarters in 
the deck system where there is ample room is feasible 
and less costly, at least until the test period has been 
successfully passed. This would make available a much 
greater width of deck for landing the larger planes that 
may be developed and put in operation in the near 
future. 

Hangar space is 70 ft. wide by 180 ft. long, with a 
clearance of 24 ft. at the entrance, which is 98 ft. wide. 
Repair shops and equipment are provided and ample 
lighting and power apparatus are specified, power being 
supplied by two three-phase 60-cycle 350-kw. gasoline- 
electric generators. Two air compressors having a 
capacity of 400 cu. ft. of free air per minute are in- 
cluded to provide compressed air for freeing the buoy- 
ancy compartments of water and operating the air 
breakwater. Compressed air is also used to maintain 
service pressure on the fresh-water tanks located below 
the sea level in the buoyancy tanks. 

Gasoline and oil are also stored in compartments in 
the buoyancy tanks, delivery to the deck being con- 
trolled on the Aqua Marine system of gasoline storage, 
which eliminates all danger from fire. 

Hotel facilities include 40 bedrooms for guests and 
ample accommodations during the day for 350 or more 
in the various lounges and public rooms planned. 
Quarters for the personnel will, in part, be located be- 
tween the top and bottom of the main deck, the area 
being sufficient to provide all the space required. Life- 
boats sufficient to seat 240 persons are part of the 
safety equipment, including a 54-ft. sea-sled, capable 
of 30 to 40 knots speed, to be used for patrol and rescue 
service from the seadrome. 

Flood lighting of the landing deck will make landing 
and take-off of planes at night as safe and reliable as 
in daylight. Searchlights visible for from 50 to 100 
miles are provided as an avigational aid, although the 
radio-beacon system to be installed is so simple and 
reliable that no other directional assistance seems to be 
necessary. 


Avigation Control and Communication System 


A safe and practical system of ocean airways could 
not be brought about even with the facilities offered by 
anchored seadromes if it were not possible to provide 
reliable and efficient radio directive avigation and 
communication aids. The General Electric Co., with 
the assistance of the Bureau of Standards, has worked 
out a complete system of avigation control by means 
of the radio beacon, radio telephone and telegraph com- 
munication and instrument equipment for seadromes, 
land terminals and transport planes. The system recom- 
mended will assure accurate directional avigation and 
~__ continuous oe communication with the seadrome 

or the land terminals by the planes operating over the 
system, under all weather conditions. Such a result is 
made possible because of the relatively short distances 
between the land terminals and the seadrome. The sys- 
tem includes two separate methods of avigation, one 
magnetic and the other by radio. They may be used 
effectively either jointly or independently. 

A radio-operated visual route-indicator of the vibrat- 
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ing-reed type on the plane makes accurate avigation 
possible irrespective of weather conditions or the direc- 
tion or strength of the wind, the pilot having no other 
duty than to watch the route indicator and operate the 
airplane. The radio operator carries on all communica- 
tion with other planes, seadromes or terminals, and 
transmits or receives instructions or information sent 
out for the guidance of the pilot by the dispatchers 
under whose directions all planes will operate. Both 
Icng and short-wave radio equipment will be installed, 
making it possible, if necessary, for passengers to com- 
municate with ships at sea or with the land telephone 
system. 

To compensate for the swing of the seadrome around 
the anchorage system, the goniometer element con- 
trolling the direction of the radio beam is connected to 
a Sperry gyro-compass according to methods worked 
out by the engineers of the Sperry Gyroscope Co., so 
that the signal beam will always be maintained con- 
stant in direction. 

Although the central zone marked out by the radio 
beam assures avigation that is correct to within 1 or 
2 deg., deviation from the main route to avoid squalls 
or local storms can be made to angles exceeding 25 
deg. on either side without decreased intensity of re- 
ception of the signals received. This means that a plane 
at mid-point between the land terminal and the sea- 
drome may be as much as 75 miles off the main route 
on either side and still receive standard signal-strength 
identifying for the pilot his position and direction from 
either the terminal or the seadrome. Main reliance will 
be placed upon radio avigation aids to assure accu- 
rate avigation, but standard equipment specified by 
the Department of Commerce for airplanes operating 
over water will also be installed as a reserve system. 

Patrol boats, of the Coast Guard type, equipped with 
radio-communication sets, will operate from land ter- 
minals and always be ready at any time to go to the 
rescue of planes forced down at sea. The seasled pro- 
vided at the seadromes gives the same service, so a dis- 
abled plane, forced down at the mid-point, can be 
reached in 4 to 5 hr., and on the average in half this 
time. Radio phones, and in emergencies radio-telegraph 
signals, will guide the patrol boats to the planes, which 
are provided with emergency equipment to be operated 
on the surface of the ocean. 

As an additional avigation safeguard, the sea- 
drome is provided with the standard marine-type radio- 
compass receiver, which can be used to give bearings 
to ships and shore stations by means of the long-wave 
radio phone on the wave band that has been assigned 
te shipping. 


Fabrication and Erection of the Seadrome 


The seadrome, exceeding as it does the dimensions of 
any floating structure now built, has been designed so 
as to be simple in construction and easy to assemble 
with facilities ordinarily available; hence its great size 
does not involve any more expense in fabrication and 
erection than is usual in structural-bridge and shipbuild- 
ing practice. The deck system, or superstructure, is a 
structural-bridge design of the truss type involving no 
special stresses or sections. The buoyancy system, or 
substructure, requires a combination of shipbuilding 
methods and tank-shop practice for its fabrication. The 
tank units, with their connecting columns and struts, 
will be fabricated on marine ways and launched, after 
which they will be towed to the assembly point in Dela- 
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ware Bay, approximately 10 miles west of Cape May, N.J. 

The general plan worked out for the assembly calls 
for fabrication of the deck trusses and the floor system 
to start simultaneously with the construction of the 
buoyancy units. As planned, the buoyancy tanks will 
be built by the Sun Shipbuilding Co., of Chester, Pa., 
and companies associated with it in the work, produc- 
ing among them four units every 30 days. The Bel- 
mont Iron Works, of Philadelphia, will construct the 
necessary deck system to go with one section of two 
tanks every 15 days. 

The first four tanks will be assembled in skeleton 
form under the League Island Navy Yard crane to give 
a platform on which to locate the erection derricks nec- 
essary to complete the rest of the structure at the Dela- 
ware Bay assembly point, to which the first unit will 
be towed and where it will be anchored when completed. 
Deck structural material and additional buoyancy units 
will be barged and towed to the erection site, the as- 
sembling of the structure being completed in the shal- 
low-draft condition. 

The assembly location chosen is about 10 miles west 
of Cape May, N. J., near the 39th parallel of north 
latitude. It is about 8 miles north of Lewes, Del., and 
about 5 miles east of the Delaware shore. A maximum 
water depth of 44 ft. is required for erection, so ample 
clearance is assured at the erection site where the 
water, on the average, will be 70 ft. deep. The location, 
in addition to being in relatively deep water, is out of 
the main ship channel and the work will therefore at 
no time be a menace to navigation. 

The time required to complete the first seadrome is 
estimated at about one year. Complete test of all equip- 
ment, including the radio aids and the landing and 
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taking off of loaded planes, will be made before the 
seadrome is towed out to sea. 


Arrangements for the Supply Service 


An important feature of the seadrome operation is 
the supply service, by means of which all the operating 
materials and supplies are delivered to the dromes by 
ships specially adapted for this service. Gasoline and 
oil will be delivered by tankers to supply tanks in the 
buoyancy units below sea level at the stern of the sea- 
dromes. The supply ships are, when necessary, to be 
protected from waves by air breakwaters which effec- 
tively destroy wave motion through diffusing com- 
pressed air from perforated pipes. The air is released 
from the ballast-tank system about 160 ft. below normal 
sea level, so that the rising bubbles break up the waves, 
reducing a 30-ft. wave to a minor turbulence. A safety 
zone about 250 x 600 ft. will be maintained by this 
method when servicing operations are going on, should 
it be necessary. By the use of this system, supplies 
can be transferred from ship to drome under virtually 
all weather conditions met with at sea. The same sys- 
tem can be used when refueling flying-boats that are 
too large to land on the deck or be hoisted to it by the 
derrick equipment. 

While the seadrome system is normally designed for 
amphibian-type airplanes capable of descending on the 
water or on the land as the conditions may require, 
the landing of multi-engine landplanes on the deck is 
feasible, as is also the refueling of the largest flying- 
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Fic. 6—RESULTS OF WIND-TUNNEL Tests (LEFT) OF SEADROME MODEL AND COMPARATIVE RESULTS OBTAINED UNDER 
NATURAL WIND-CONDITIONS (RIGHT) WITH 1/32-SCALE MODEL 


The Drag Tests Were 


Made at the Daniel Guggenheim School of Aeronautics at New York University in a 9-Ft. Wind-Tunnel ut a 


Wind Velocity of 50 M.P.H. 
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boats in the artificial narbor provided by the com- 
pressed-air system. Undoubtedly all three types of 
plane will be developed and used, because of their 
special fitness for certain forms of service required on 
the transatlantic route. Refueling in the air from a 
seadrome obviously will be a practical and efficient pro- 
cedure in cases in which it is desirable to make the 
flight a continuous one. 


Anchoring and Holding Seadrome into Wind 


An anchorage-gear towing connection is attached 
to the two forward buoyancy tanks in line with the lower 
chord of the main truss system making up the seadrome. 
The method of attachment distributes the anchorage 
stress throughout the structure. The connection is de- 
signed so that the cable connecting with the anchorage 
buoy can be led through it to the tension engine, lo- 
cated in the power area. Slack in the connecting cable 
can be taken up automatically by operation of the 
engine, thereby preventing the cable fouling the sub- 
merged portion of the seadrome. 

Fin areas are provided at the stern so as to bring 
the center of wind pressure aft of the center of water 
pressure, thereby causing the seadrome to trail into the 
wind at any wind velocity in excess of 15 m.p.h. This 
condition of operation is necessary for the safe landing 
and take-off of planes. Air rudders are provided to 
prevent yawing after coming up into the wind. These 
are operated electrically and are controlled automatically 
by a damped wind-vane. The rudders hold the sea- 
drome into the wind, irrespective of the direction or 
force of the ocean current, at times when the wind is 
of sufficient force to affect the landing and taking off 
of planes. 

Equal in importance with the design of the seadrome 
is the problem of providing a safe and effective 
anchorage system. The depth of the ocean on the trans- 
atlantic route varies from two to three miles and pre- 
cludes the possibility of using anchor chains, which 
would break of their own weight before reaching the 
bottom of the sea. However, an entirely feasible meth- 





Fic. 7—SEADROME MODEL, 35 FT. LONG, TESTED IN CHESAPEAKE Bay To DETER- 
MINE ITS PERFORMANCE 
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od is to use standard steel cables of the suspension- 
bridge type, which are capable of supporting their own 
weight in lengths exceeding 40,000 ft. 

Experiments have shown that the total resistance of 
the seadrome will at no time exceed 200,000 lb. when 
subjected to the maximum forces of the winds, waves 
and ocean currents. The resistance that would be en- 
countered was determined mainly by model experiments 
in a wind tunnel and in the more direct and obvious way 
of measuring wind forces on a large floating model ex- 
posed to winds of various velocities. Water-current 
resistance has, in the main, been calculated on the basis 
of resistance factors long established and accepted as 
standard in naval architecture and marine engineering. 
According to these calculations, the current resistance 
will total about 35,000 lb. with a 11'%-knot current, 
which is the maximum expected at the anchorage site. 
Besides the surface current usually met by ships, un- 
doubtedly some submarine currents exist that extend 
probably to depths exceeding 2000 fathoms. From data 
available the velocity of these submarine currents is 
estimated to in no case exceed 4% knot per hour. The 
resistance of the anchoring-cable system has been cal- 
culated on the basis of this velocity added to the current 
resistance of the seadrome. 


Wind-Resistance Tests and Calculations 


An analysis of the weather conditions that may be 
expected at the anchorage site has been checked by 
Dr. James Kimball, in charge of the New York City 
division of the Weather Bureau, who has made a spe- 
cial study of Atlantic weather in connection with fore- 
casting weather for almost all of the transatlantic 
flights attempted. According to Dr. Kimball, the max- 
imum wind velocity will be about 70 m.p.h., occurring 
in the month of November. 

Wind-tunnel experiments were conducted late in 1928 
on a 1/300-scale model at the Daniel Guggenheim 
School of Aeronautics at New York University under 
the direction of Prof. Alexander Klemin. The wind 
velocities employed varied from 40 to 70 m.p.h. Some 
of the results obtained are shown by 
Fig. 6, which gives the resistance and 
the drag-coefficient curve determined. 
The latter is asymptotic and therefore 
no correction for scale effect is re- 
quired in converting wind-tunnel- 
model results to full-scale values. Ac- 
cording to the curve, the wind resis- 
tance of the full-sized seadrome will 
be about 85,000 lb. at the expected 
maximum wind velocity of 70 m.p.h. 
This result is in practical agreement 
with those obtained from the model 
tests conducted under natural condi- 
tions. 

As an additional check on the wind 
resistance of a full-size seadrome as 
determined from the wind-tunnel 
tests, a 1/32-scale model was made 
and anchored out in the Choptank 
River, an arm of Chesapeake Bay, 
near Cambridge, Md. This model, 
shown in Fig. 7, was very accurately 
made to scale, weight and strength, so 
that the results of exposure to wind, 
waves and currents would, in addition 
to giving accurate resistance, give 
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fairly complete performance data that would check 
model performance previously obtained with much 
smaller models. It was made of sheet steel and is 35 
ft. long, 10% ft. wide and has a draft of about 6 ft. 
It weighs, in the deep-draft condition with all water 
ballast in place, 3500 lb., equivalent to about 50,000 
tons in the full-sized structure. 

The experimental test period covered about six weeks, 
during which a wide variety of weather conditions pre- 
vailed. Wind reached a maximum of over 50 m.p.h., 
with accompanying waves measuring 4 to 41% ft. frorn 
trough to crest. The wind resistance over a wide range 
was accurately measured by dynamometers, and, when 
interpreted and developed to apply to the full-size 
structure, proved to be in very close agreement with 
the wind-tunnel results. A resistance curve drawn 
from these tests is given at the right in Fig. 6. This 
shows that at 70 m.p.h. the resistance is about 85,000 
lb. When corrected for scale relationship, a wind 
velocity of 50 m.p.h. on the model is equivalent to a 
wind of 280 m.p.h. on the full-size seadrome, and 414-ft. 
waves to 144-ft. waves on the seadrome. 

The performance of the large model under natural 
conditions checked very exactly the performance of the 
smaller models previously tested in gravity-made and 
controlled waves. We had no reason to expect con- 
trary results, and it is reasonable to expect the full- 
size structure to perform relatively the same. 


Anchorage System as Worked Out 


The anchorage system finally worked out terminates 
in a large reinforced-concrete anchor of a spherical seg- 
mental shape, 100 ft. in diameter and weighing approxi- 
mately 1500 tons. It is provided with a buoyancy com- 
partment which in effect makes it a concrete boat and 
gives it sufficient buoyancy so that it can be towed 
to the anchorage site, flooded and sunk with its con- 
necting cable. The mass and shape are such that it 
will not move horizontally or turn over under the max- 
imum stress transmitted to it by the seadrome. A 
cross section and plan are shown in Fig. 8. 

Two parallel 150-ft. lengths of steel anchor-chain 
are attached to the anchor, and to these are fastened 
the galvanized-steel anchor-cables made up of six sec- 
tions varying in diameter from 234 in. at the bottom 
to 354 in. at the top. The chains connect to the anchor 
by means of a swivel to prevent twisting of the chains 
or cables, which might be caused by rotation of the 
seadrome or the anchorage buoy. To compensate for 
possible wear by contact with the bottom of the ocean, 
the terminal cable section is increased in diameter to 
31% in. Chain rather than cable is used at the anchor 
connection to minimize wear and avoid kinking of the 
cable or fouling of the anchor. The cable diameter 
increases as the cable approaches the surface so as 
to give a uniform factor of safety throughout its 
length. 

The general arrangement of the anchorage is shown 
in Fig. 9. The surface ends of the cable connect with 
the anchorage buoy through a centrally mounted steel 
shaft supported by both radial and thrust roller-bear- 
ings. To the anchorage buoy is fastened the seadrome 
connecting cable, 314 in. in diameter and about 500 ft. 
long, the seadrome end attaching to the towing gear 
in such a way that it can be hauled up under the sea- 
drome deck by the tension engine provided, which is 
regulated to maintain a minimum tension of 5000 Ib. on 
the connecting cable so that under no condition can it 
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FIG. 8—PRELIMINARY DESIGN OF CONCRETE ANCHOR IN 
Cross-SECTION AND PLAN 


Gross Displacement, tons 2,165 
Weight, tons 1,660 
Net Buoyancy, tons 550 
Material: 1-1%4-3 Haydite Concrete, 130 Lb. per Cu. Ft.,cu. yd. 945 
Reinforcing Steel, tons 57 


foul the underwater portion of the anchorage buoy or 
the seadrome structure. 

The dimensions and the strength of the cable sys- 
tem were calculated and developed experimentally by 
the cable engineers of the John A. Roebling’s Sons Co., 
of Trenton, N. J., on the basis previously noted that 
the maximum pressure of wind, waves and currents 
on the seadrome would not exceed 200,000 lb. and on 
the further basis that a factor of safety of 4 to 1 
would be ample in the final design. Because a single 
cable would require cable sizes in the upper sections 
greater than that ordinarily produced by the cable man- 
ufacturers, a twin-cable system was decided upon to 
avoid the expense of special equipment. Obviously, 
three or more cables can be used should this appear de- 
sirable, either to increase the factor of safety of the 
anchoring system or to provide for anchoring at con- 
siderably greater depth. 

The ocean depth in the vicinity of the location tenta- 
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TABLE 1—TWIN-ANCHORAGE-CABLE DATA, FOR NORMAL SEADROME DRIFT OF 200,000 LB. 








Number Diam- a Tia, Ultimate Cable Factor 

Sec- of eter, Length, pe Strength, Stress, of 

tion Cables In. Ft. Per Ft. Air Water Lb. Lb. Safety 
1 2 3% 2,150 23.81 102,400 89,000 2,300,000 600,000 3.83 
2 2 3% 2,450 20.82 102,000 88,400 2,000,000 516,000 3.88 
3 2 3% 2,800 18.00 100,800 88,800 1,736,000 436,000 3.98 
4 2 3 3,100 15.50 96,000 84,400 1,448,000 359,600 4.03 
5 2 2% 3,700 12.70 94,000 81,600 1,240,000 293,200 4.23 
6 2 3% 3,700 20.82 154,000 123,600 2,000,000 240,000 8.33 

Total 17,900 649,200 555,800 

Seadrome 

Connecting : 

Cable 1 3%4 500 19.79 9,895 7,928 868,000 200,000 4.34 


tively selected for the first station anchorage is about 
2100 fathoms, or 12,600 ft. This is accordingly the 
depth used in determining the length of the cable sys- 
tem as given in Table 1. 

In considering the safety factor and the safe opera- 
tion of the anchorage system, the design has been ar- 
ranged so that the connecting cable between the 
anchorage buoy and the seadrome can be disconnected 
in the event of stresses on it exceeding a predetermined 
maximum. A registering dynamometer attached to the 
connecting cable gives adequate warning of this situa- 
tion and releases the cable-dropping gear, leaving the 
seadrome free to drift out the storm, after which it 
would be towed back to its station and again made fast. 
This procedure would not expose the seadrome to any 
additional hazard, while the arrangement precludes the 
possibility of stressing the anchorage system beyond 
the elastic limit. 


Location and Placing of First Station 


The position of the first station as a connecting stop 
on the proposed route from New York City to Bermuda, 
and the first of the transatlantic series, has been fixed 
to give the minimum weather hazard and the best cli- 
matic conditions, making for comfort on the seadrome 
and for safe flying. The location is just north of the 
Gulf Stream, outside the coastal fog zone and below 
the ice and sleet range. North Atlantic storms rarely 
extend as far south as the station site. On the other 
hand, the West Indian hurricanes very seldom reach 
the higher latitudes of the location selected. At the 
seadrome the temperature will be about 60 deg. fahr. 
in winter and 80 deg. in summer. Maximum wind 
velocity will be around 70 m.p.h. and the surface current 
about 14% knots per hour. 

The twin anchoring cable, 17,900 ft. long and made 
up of six sections, is delivered wound up on reels, each 
weighing about 30 tons. At the point selected, possibly 
Lewes, Del., derrick equipment will be set up at the 
end of the dock and the anchorage cable system as- 
sembled and coated with asphaltum to resist corrosion. 
The surface ends of the cables will be connected to the 
anchorage buoy and payed out, being supported by pon- 
toons at 500-ft. intervals. The first 1000 ft. of the 
cables below the anchorage-buoy terminal is protected 
from corrosion by the asphaltum-impregnated jute and 
tape covering. The remainder of the cable system is 
spray coated with 1/16 in. of asphaltum as it is un- 
reeled, paid out, joined and buoyed before being towed 
out. Below the 1000-ft. depth, the oxygen content of 
sea water is so small that corrosion virtually does not 
occur. 
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After being towed out to sea, the completely con- 
nected anchorage-cable system, supported by the tem- 
porary pontoons, will be extended in a straight line by 
large tugs, so located that when the cables are simul- 
taneously released from the supporting pontoons by 
electrical mechanism and the anchor allowed to sink 
to the bottom, the anchorage buoy will be maintained in 
its correct position by sights on the marker buoys. By 
this method of lowering, the anchorage-cable system 
comes to rest gradually and progressively without undue 
shock, and the anchor finally reaches the bottom at the 
location selected. Estimates indicate that about 30 min. 
will be required for the anchor to reach the bottom 
of the ocean after being released. 

Fortunately, the prevailing winds off the coast in 
the vicinity of the Delaware Capes are from the south- 
west, which greatly simplifies the problem of towing 
out the seadrome after erection is completed. Two large 
ocean-going tugs are estimated to be ample to tow the 
seadrome to its anchorage at the rate of about 4 knots, 
and the towing-out period may require from three to 
five days. The prevailing ocean currents will, in gen- 
eral, assist the tugs. Upon arrival at the anchorage and 
making fast, the ballast tanks will be successively flooded 
to bring the seadrome to a service draft of 177 ft. It 
is then ready for operation. 

The development of a suitable anchor has been the 
subject of considerable experimenting and testing. In- 
formation accumulated in an exhaustive search of orig- 
inal sources, very definitely showed that in the general 
vicinity of the first seadrome anchorage the bottom of 
the ocean is composed of red clay overlaid with 2 ft. 
of ocean ooze. This conclusion seems amply justified 
in view of the recent samples of the ocean floor ob- 
tained by the cable-repair ships during the repairing 
of telegraph cables broken by a considerable subsidence 
of the ocean floor off the Newfoundland and Nova Scotia 
banks. 

Red clay is ideally suited to a permanent anchorage, 
such as is contemplated for the seadrome service, pro- 
vided the anchor is firmly imbedded in it. The soft 
covering of ooze will cause very little abrasive action 
on the cables, while the smoothness of the bottom and 
the absence of rock formation of any character will 
virtually eliminate fouling. 

A satisfactory anchor must incorporate in its de- 
sign an anchor connection capable of swinging around 
the horizon: with the swing of the seadrome and be 
equally effective and non-fouling in all directions. The 
final form selected, after experimenting with more 
than a dozen types, including several of standard de- 
sign, is that already described and shown. Experi- 
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mental results obtained indicate that an anchor of this 
type, weighing 1500 tons, will have an ultimate resis- 
tance considerably in excess of 1,000,000 lb. 


The North Atlantic Airway Route 


The economic necessity for service stations on the 
Atlantic route has been demonstrated. Aside from 
economy in operation, their use is imperative for safe 
airplane operation. The hazard of weather is the chief 
menace to the airway operator, accounting on the air- 
mail lines for more than 95 per cent of the failures 
to start or complete trips. 

On the Atlantic route the usual steamship voyage 
of six to nine days runs the whole gamut of weather 


Surface Distance, ft. 





Only a little study of the Pilot Charts of the North 
Atlantic, as issued by the Hydrographic Office, is neces- 
sary to ascertain that the airway between Europe and 
America must, from a weather point of view, be located 
very much south of Newfoundland and somewhat south 
of the regular transatlantic steamship lane. The more 
southerly route that has tentatively been selected will, 
to a very large extent, avoid the storms, ice and fog so 
prevalent at all seasons of the year on some portion of 
the steamship lanes. The route selected, shown in Fig. 10, 
has been specially located south of the “cold wall,” 
so that ice formation on the stations or the planes 
at the lower levels will be impossible. This route is 
entirely outside the field-ice zone and iceberg-drift range 

and will be subjected to less 
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ous storms are most frequent 
on the North Atlantic route 
in the month of October. The 
airway route laid down has 
been selected to avoid weath- 
er hazards as far as possible. 

The route chart shows that 
when freezing temperature 
prevails at the New York 
City terminus the air tem- 
peratures at the various sea- 
dromes range from 45 to 52 
deg. fahr. Fog conditions, 
which are almost of daily 
occurrence on the steamship 
tracks at certain seasons, will 
be encountered on the se- 
lected air route with less 
than 5 per cent of the fre- 


54 Connecting Cable 
D 1000Ft. Long 


able Position at 
- OPO Lb. Horizontal Pul/ 
— 


~ Expanded Cable 
Bo 67d Set in Zinc 










Typical Section of Cablevoint quency experienced. Gy Tae 
(100% Strength af Cable) 


transatlantic passenger 
liners. 

The seadrome route-map 
(Fig. 10) gives the present airways of Europe and 
the Americas and their relationship to the proposed 
connecting seadrome routes. As is obvious from this, 
the seadrome route offers direct air-service facilities 
between Europe and America, with a normal flight- 
distance between stations. 


Transatlantic Seadrome Airway Operation 


The estimate of such a transatlantic service, as 
made by Black & Bigelow for a combined passenger, 


4,000 | ie ‘i mail and express service, is here summarized. For 
. simplicity, the operation is figured as that of one 
Fic. 9—TWIN-CABLE ANCHORAGE ARRANGEMENT company rather than the various international ser- 
The Twin Cables Are in Six Sections Aggregating 17,900 Ft. in vices that undoubtedly would make up the final opera- 
Length and Increasing in Diameter toward the Surface of the Sea. tion. 
At the Upper Left the Anchorage Buoy Is Shown Drawn Up against 


the Towing Gear of the Seadrome by Means of a Cable to a Tension 


Engine That Maintains a Tension of 5000 Lb. 


changes. In the high-speed crossing, the airplane must 
be subjected to the same weather variations spread over 
the 3000 miles of ocean as the slower ship, except that 
storm and calm will succeed each other with much 
greater frequency because of the quick passage. Be- 
cause of this quick succession, the weather has been 
almost the sole hazard of present airway operation, both 
over land and sea. 


The justification for the assumed passenger and 
mail volume was found in the total of these items 
in the years since the passing of the World War de- 
pression, as given in Fig. 11. The first-class-mail- 

rate surcharge for air mail is placed at $4 per lb., or 10 
cents per letter. The passenger rate is fixed at $350 as 
being a rate that will attract the traffic necessary to 
produce the volume estimated and is somewhat lower 
than the average first-class rate charged on the fast 
steamships. The Black & Bigelow estimate in part, 
follows: 
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Schedule B 


This schedule contemplates a daily air-mail and 
passenger service between New York City and Brest, 
France, with 10 trips per day in each direction. The 
equipment upon which these estimates have been based 
are Sikorsky S-40 amphibians. As under Schedule A 
we have assumed no cancellations of trips for weather 
conditions but have provided for sufficient equipment 
to take care of such delays as may become necessary 
in the course of the year-to-year operation, it is pos- 
sible to allow for 3650 round trips per year. Mail 
revenue is based upon $4 per lb., with a total load 
of 4000 lb. per day in each direction. Passenger traf- 
fic is estimated at 80 per cent of the remaining load of 
the airplane, or a total average of 465.6 passengers 
per day. The net fare has been fixed at $350 per 
passenger. 


Estimated Investment 


Airports and Flight Equipment 

8 Seadromes, in place 

3 Land Stations 

160 Sikorsky Amphibian Airplanes, at 1 
$190,000 each 

250 Spare Pratt-Whitney Hornet B En- J 
gines, at $7,000 each 

Organization and Introductory Cost 500,000 

Working Capital, provided on loan basis 
at 6 per cent 


$32,000,000 
1,200,000 


32,150,000 


26,820,000 
$92,670,000 
Estimated Annual Operating Cost 


Depreciation and Obsolescence 


Seadromes and Land Stations $1,720,000 
Flight Equipment 11,769,270 
Insurance 

Seadromes and Land Stations 996,000 
Flight Equipment 6,751,500 
Miscellaneous 513,030 


Maintenance and Upkeep 
Seadromes, Land Terminals and Equip- 
ment 1,500,000 


Flight Equipment 3,115,700 
Additional Indirect and Fixed Costs 
Seadromes and Land Stations 1,000,000 
Administrative 800,000 
Line Service 20,251,000 
Traffic Division 850,000 
Miscellaneous and Incidentals 4,879,500 
$53,644,000 
Unit Costs per Scheduled Mile $1.95 
Unit Costs per Scheduled Hour 195.00 


Estimated Annual Operating Revenue 


Performance Characteristics of Sikorsky Model S-40 
on 400-Mile Range 





Useful Load, lb. 11,250 
Crew, Extra Equipment, Gas and Oil, lb. 5,030 
Payload, lb. 6,220 


Average Payloading per Plane, 80 per cent of capacity 

Schedule (as previously estimated) 10 round trips per 
day 

Mail, 4000 lb. per day in each direction, or 400 Ib. per 
plane trip, leaving 5820-lb. capacity for passengers 

Mail Revenue, 8000 lb. at $4 per lb., 365 
days $11,680,000 

Passenger Revenue, at 80 per cent of 
capacity or an average of 23.28 per 
trip, giving 465.6 passengers per day 
for 365 days, 169,944 at $350 per 
passenger 59,480,400 


Total Gross Income $71,160,400 
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Assuming that working capital can be provided by 
loans, approximately $1,620,000 will be added to the 
operating cost in the form of interest, making that 
item $55,264,000. The gross income totaled $71,160,400, 
the difference giving $15,896,400 to apply against a total 
investment of $65,850,000. This is equal to a return 
of about 24 per cent per annum. A 50-per cent increase 
in traffic will increase the capital investment only 25 
per cent but would add 50 per cent to the net income, 
increasing the annual return to approximately 38 per 
cent on both seadrome and airway equipment. 

That the seadrome proposal will be a very attractive 
financial operation, granted sufficient business is forth- 
coming to require ten round trips per day across the 
Atlantic as estimated, cannot be seriously questioned. 
It is equally obvious that operation on such a scale can 
be expected only after several years of experience. 
Therefore it is pertinent to develop the financial bal- 
ance sheet for the minimum operation, estimated at one 
round trip per day, carrying only first-class mail or some 
few passengers at the mail rate. 

It is somewhat startling to realize that the relatively 
tremendous investment required to establish the eight- 
ocean-station seadrome route can be justified by one re- 
turn trip per day over the system, using the smallest 
amphibian plane suitable for service over the open 
ocean. That several other national routes, besides the 
American route, would take advantage of the facilities 
offered is certain. The Black & Bigelow estimate cover- 
ing the minimum operation contemplated is given on 
the next page for comparative purposes. 


Experimentation Shows Program Practical 


With the growth of the seadrome ocean-airway sys- 
tem, airplane speeds undoubtedly will increase so that 
future schedules will be about 24 hr. for the trip be- 
tween America and Europe, eventually carrying the 
great bulk of the passenger, mail and express business 
between the continents. The worldwide interest in the 
seadrome development justifies the inclusion in this 
report of much information and many data not directly 
applicable to the specific undertaking contemplated in 
building and operating the seadrome system. 

Following a long period of personal investigation 
and experimentation beginning in 1913, the Armstrong 
Seadrome Development Co., of Wilmington, Del., was 
incorporated in 1926 to develop the feasibility of estab- 
lishing ocean airways on the seadrome system. In 
1928 the Founders Syndicate of Armstrong Seadrome 
Airways was organized to continue the development 
program and, in addition, if found feasible, to design, 
build and operate the first seadrome on an experimental 
airway between New York City and Bermuda, located so 
as to be available as the’ first of the series necessary 
for the transatlantic route. 

A comprehensive experimental program was laid 
down which it was hoped would confirm previous work 
and establish with more certainty the belief in the 
commercial attractiveness of the proposal as well as 
the engineering practicability of the project. This 
experimental program, undertaken as part of the de- 
velopment work, has been concluded. The information 
obtained has very definitely shown that designing, build- 
ing and operating a seadrome airway-system over the 
Atlantic is a practical engineering project and one very 
much worthwhile from a commercial aspect. This is 
especially gratifying in that the seadrome system is the 
only method so far proposed for a commercial airway 
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Operations Analysis 


Route Mileage, New York City to Vigo, 


Spain, via Seadromes 3,571 
Round Trip Mileage 7,142 
Scheduled Mileage per Year, 365 days 2,606,830 
Service Mileage per Year; 3 per cent for 

ferry, test and search flights 2,737,172 
Service Flying Time per Year, 110 m.p.h. 

average cruising speed, hr. 24,883 
Engine Hours per Year, two engines per 

plane 49,766 
Major Airplane Overhauls per Year, 1 per 

1000 service hours 24.9 
Complete Engine Overhauls per Year, 1 per 

250 engine hours 199 
Flying Time per Trip, at 110 m.p.h., hr. 32.45 
Elapsed Time per Trip, allowing 9 %-hr. 

stops, hr. 36.95 
Eastbound Airplanes en Route per Day, 2; 

Westbound, 2 4 


r= 


Line Airplanes Undergoing Servicing, per day 
Reserve Airplanes, available for emergency, 

ferry, search and test service 8 
Airplanes in Major-Overhaul Shops 1 


Total 17 
Spare Engines Reserved for Emergency at Va- 

rious Bases 12 
Spare Engines Undergoing Complete Overhaul 

in Shops 4 

Total 16 


Airplanes: Sikorsky Model S-41, powered with 
Pratt & Whitney Hornet B, 525-Hp. engines; 
manufacturer’s rated useful load, 6000 lb. 
(Air mail only, no passengers.) 

Service Hours per Airplane per Year 1,464 


between Europe and America that offers any hope of 
success from the point of view of safety, reliability, fre- 
quency of service, capital cost and rates that will be 
attractive to the public. That we are not alone in this 
opinion is evident by the endorsement of the foremost 
European and American authorities in naval architec- 
ture, shipbuilding and structural and aeronautic en- 
gineering. 

Many of the major engineering and manufacturing 
companies of the United States have been associated with 
the development and have contributed so importantly 
and definitely with advice and designs that the construc- 
tion of the first seadrome can be undertaken imme- 
diately with positive assurance of success. My ap- 
preciative thanks are due to numerous firms and indi- 
viduals who collaborated in designing the seadrome and 
its anchorage gear and worked out methods of fabrica- 
tion, erection, installation and operation. 

Among others, the following have taken an outstand- 
ing part in the development program: Henry J. Gielow, 
Inc., New York City, naval architects; Black & Bigelow, 
New York City, aeronautic engineers; Belmont Iron 
Works, Philadelphia, structural engineers; Sun Ship- 
building Co., Chester, Pa.; General Electric Co., 
Schenectady, N. Y.; John A. Roebling’s Sons Co., 
Trenton, N. J.; The Lidgerwood Co., New York City; 

3aldt Anchor & Chain Corp., Chester, Pa.; E. I. du 
Pont de Nemours & Co., Wilmington, Del.; Sperry 
Gyroscope Co., New York City; the Bureau of Stand- 
ards, City of Washington; Sikorsky Aviation Corp., 
Bridgeport, Conn.; Merritt-Chapman & Scott Corp., 
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Estimated Investment Required 





8% Seadromes, in place, at $4,000,000 $32,000,000 
3 Land Stations, completely equipped, 
at $200,000 600,000 
17 S-41 Sikorsky Amphibians, 
at $60,000 $1,020,000 
16 Spare Pratt & Whitney Hor- 
net B Engines, at $7,500 
each 120,000 
— 1,140,000 
Organization and Introductory Costs 325,000 
Working Capital 3,051,546 
Total $37,116,546 
Estimated Annual Operating Costs 
Depreciation and Obsolescence $2,163,820 
Insurance 1,185,545 
Maintenance and Upkeep 1,456,680 
Additional Indirect and Fixed Costs 975,000 
Line Services 2,388,853 
Traffic Division 152,500 
Miscellaneous and Incidental - 832,239 
Total $9,154,637 
Unit Cost per Scheduled Mile $3.512 
Unit Cost per Scheduled Hour 386.29 


Estimated Annual Operating Revenue 


Performance Characteristics of Sikorsky Model S-41 
on 400-Mile Service Range: 





Useful Load, lb. 6,000 
Total Weight of Crew, Fuel, etc., lb. 2,795 
Payload, lb. 3,205 
Revenue for One Trip, 3200 lb. of mail at 

$4 per lb. $12,800 
Daily Revenue (One round trip), 6400 lb. 

of mail at $4 per lb. 25,600 


Annual Revenue (365 round trips), 2,336,- 


000 Ib. of mail at $4 per Ib. $9,344,000 


New York City; and the Marine Office of America, New 
York City. 

The expert personnel of these companies, experienced 
in designing, constructing and operating some of the 
most important mechanical developments of the day, 
have contributed extensively in the working out of the 
final design and procedure and have in most cases pre- 
pared construction-cost estimates on the basis of which 
their company would contract for the particular part 
of the project directly in line with their activities. 

Internationally known experts of the United States, 
England, France and Germany have gone on record, 
many in a public way, endorsing the project and have 
offered their services and cooperation in working out the 
many phases of the proposal. As the seadrome has been 
designed in accordance with the specifications of both 
Lloyds and the American Bureau of Shipping, marine 
insurance underwriters have, after thorough investiga- 
tion, agreed to write marine insurance at reasonable 
rates, covering the construction, towing out of the 
anchorage gear and the seadrome and the subsequent 
operation of the system. 


Legal Aspects of the Seadrome 


The question of the legal status of the sea- 
drome is interesting and important in that inter- 
national airways apparently can be operated without 
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international agreements. Terminal seadromes can be 
used to operate a shuttle service between them and a 
particular country, each air operation being carried on 
by aircraft registered under the laws of the particular 
sovereign power to be connected by that airway. 

Ever since the seadrome began to emerge from its 
early stage of being a fantastic possibility into its 
present one of being an imminent probability, specula- 
tion has been rife on two continents as to its inter- 
national and legal status. Here was something new, 
apparently beyond definition by any of the old and ac- 
cepted legal precedents. Obviously not a ship, because 
it was not to be used directly for transportation pur- 
poses, it was certainly not subject to registration under 
existing marine laws. Having nothing terrestrial about 
it, the seadrome is just as obviously not an island, and 
therefore not subject to national domain. To what 
nation will it belong, if any? What nation will tax 
its permanent inhabitants, enforce its laws on the 
structure, put its courts at the disposal of litigants in 
the event of any legal trouble, protect it in time of 
trouble, use it for military aggression in time of war? 

These questions have arisen almost wherever the sea- 
drome has been discussed. They have been threshed 
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It is of the greatest importance to the world in gen- 
eral that this new form of progress should be made 
the subject of international agreement and not left 
alone until seadromes become a formidable weapon in 
the hands of one country sufficiently wealthy and en- 
terprising to take the initiative. 

That the Europeans are taking the imminent legal 
complications regarding the seadrome far more seriously 
than we Americans are is also shown by the fact that 
the congress on aviation law held at Budapest in Oc- 
tober, 1930, has already busied itself with the problem. 
This conference decided that sovereignty over the 
structures, as far as actual operation was concerned, 
should be in the hands of the nation whose citizens 
built them; that the placing of the seadromes on the 
high seas should be formally called to the attention of 
the nations of the world; and that any litigation 
arising out of them should be referred to the League of 
Nations. 


Private Property, Subject to American Protection 


In effect, this decision agrees closely with the results 
of the investigation made by Charles E. Asnis, member 
of the Philadelphia bar, formerly lecturer in political 
science at the University of Pennsylvania. Mr. Asnis 
is of the opinion that, while the international status of 
the seadrome should at some time be clearly defined 
by specific international agreement, it will be time 
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out by amateurs and professionals alike, and have 
aroused even more speculation and far greater fears 
in Europe than on this side of the Atlantic. In En- 
gland, Germany, Belgium, France, and as far away 
as South Africa, papers have given space to ponderous 
arguments, most of which have offered solutions backed 
by legal precedents, and nearly all have demanded that 
an international conference be held in the future to dis- 
cuss the seadrome. 

Most of the commentators, however, seem to feel that 
the seadrome problem cannot be dismissed by any one 
nation’s simple refusal to permit the placing of one 
of the structures near its coastline. They remember 
that the seadrome invention holds almost unlimited pos- 
sibilities for speeding up the commerce of the world 
and that to stand in the way of the world’s economic 
progress, even on the grounds of the security of any 
nation is dangerous. Most of them agree with the 
French statesman, Senator Lemery, who stated: 


enough to “consider conventional regulations when the 
activities and services of the drome will have been 
studied in the light of experience and of scientific and 
commercial contributions.” He urges caution, more- 
over, in the matter of taking any premature action, 
on the ground that “untoward interference would tend 
to retard its useful functions whose services in the 
interests of humanity would link the oceanic nations 
with a speed and efficiency as if they were terrestrial 
neighbors.” For the present he sees no legal obstacle 
whatever in the way of the construction of the sea- 
dromes and finds it “difficult to see that precedent con- 
sent for the operation of the drome is to be required 
of a concert of powers such as the League of Nations.” 
As to the definition of the seadrome, after pointing 
out that it is obviously neither ship nor island, Mr. 
Asnis says: 
It is property in the strictest sense of the word; 
private property, every bolt and beam of which were 
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fashioned by its owners; and, as owners of private 
property, the dominion over it is as extensive and as 
inclusive as dominion over property on land. 
Having the rights of property and dominion thereover, 
the administration of the affairs of the drome by the 
owners would be relaxed by convention or voluntary 
renunciation only. 


Regarding national sovereignty of any kind, he says: 


Granted a peaceful and serviceable function, minis- 
tering to the beneficent needs of man in advanced 
methods, by flight, of communication and transporta- 
tion, the imposition of the will of any single power 
on the impartial operation of the drome would have 
no moral justification by law. 


In other words, the seadromes would be subject to 
American protection in case of need, just as any Amer- 
ican private property, in the Sahara Desert or else- 
where, would be subject to that protection. But neither 
State nor Federal American laws nor those of any other 
nation would be applicable on the structures, as long 
as their operations are “free from practices which 
would shock the conscience of mankind.” 

On the question of whether Americans or any other 
nationals have the right, established by precedent, to 
anchor the dromes, Mr. Asnis not only emphatically says 
“ves,” but makes the startling assertion that the sea- 
drome invention pulls the very props out from under 
the idea of the freedom of the seas. His argument 
is as follows: 


The seas have been free and open only in compara- 
tively recent times, the principle of occupation and ap- 
propriation having been practised for centuries by such 
nations as England, Spain and Portugal. After the 
battle of Trafalgar, England voluntarily gave up this 








principle, and the idea of the open seas became the 
universal practice of nations. However, most authori- 
ties agree that the seas were admitted to be free only 
because they were incapable of occupation or effective 
defense, one man stating that, “The true foundation 
of the rule that the open sea is not subject of sov- 
ereignty is the fact that it is not capable of occupation.” 

Now, for the first time in history, a human invention 
makes effective and permanent occupation of the high 
seas possible. Just what consequences this will have 
on the principle of the freedom of the seas remains to 
be seen. Mr. Asnis is concerned only with the status 
of the seadrome, and he finds that, while no precedent 
exists for the idea of permanent residences on the ocean, 
plenty of precedent allows these residences to be placed 
and owned there. 

The seadromes will occupy their positions by right 
of preeminent domain, but it must be remembered that 
they no more occupy the shifting waters on the surface 
of the ocean than a skyscraper occupies the shifting 
winds that blow around it. The real foundation of the 
seadrome, the spot to which its builders can perfectly 
well make proprietary claims, is on the sea bottom— 
on the anchorage site. This spot is the “real estate” 
from which the structures project upward, just as 
buildings project upward from the ground, which is 
amenable to ownership. Therefore, it becomes obvious 
that, no matter how alarmed foreign nations or poli- 
ticians may become, the Armstrong Seadrome Co. can 
go ahead with its program without any special per- 
mission from anybody and without fear of interference. 
That an international conference of some form will even- 
tually be held to discuss the seadrome seems inevitable, 
but we intend neither to wait for it nor to take steps 
to bring it about. 
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Combustion and Design Problems 


of Light High-Speed Diesel Engines 


By E. F. Ruehl 


ORE attention must be paid to light-weight de- 
4 sign and to flexible combustion control if the 
Diesel engine is to become a serious competitor of the 
gasoline engine. The relative merits of existing types 
of combustion-chamber and injection systems used 
in present commercial four-cycle engines are dis- 
cussed, and it is shown that the single-turbulence- 
chamber type offers the most promising means to 
high mean effective pressures at low fuel consump- 
tion. Stock high-pressure fuel-pumps and injection- 
valves, produced in volume by specialists, will have 
a great influence on the production of high-speed 
Diesel engines. The interrelation of combustion and 
injection processes in controlled-turbulence combus- 


FFORTS being made by manufacturers of both 
Diesel engines and gasoline engines to produce 
Diesel engines that equal gasoline engines in 
weight, size, speed, power, performance and reliability 
reflect recognition of the inherent superiority of Diesel 
engines in fuel consumption and torque characteristics 
with variable load and speed, in purity of exhaust, cold- 
starting qualities and fire risk. These advantages must 
be combined with the established qualities and lower 
price of the gasoline engine before the Diesel engine 
will dominate the fields such as those of motorboats, 
rail-cars, small locomotives, motor-trucks, motor- 
coaches, tractors, excavators and portable generating, 
compressor, pumping and oil-drilling sets, in which gas- 
oline engines now are supreme. 
Correct distribution and selection of the material, 
increasing the piston speed, and increasing the mean 
effective pressure are the means by which the goal of 


: 1MS.A.E. Assistant chief engineer, Diesel engine division, 
I. P. Morris & DeLaVergne, Inc., Philadelphia. 
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tion-chambers is explained, and design details and test 
results are given of the practical application of single- 
chamber principles and of a stock injection system to 
flexible combustion control in a recently developed 
high-speed four-cycle engine. 

Factors limiting mean effective pressure and piston 
speeds are discussed, as are also the mechanical prob- 
lems of design, cooling and lubrication of vital parts. 
In comparing Diestl-engine with gasoline-engine 
weights, due allowance is made for the difference in 
maximum gas pressures. 

The illustrations show examples of various combus- 
tion-chamber designs and design details and photo- 
graphs of DeLaVergne high-speed engines. 


light-weight Diesel engines can be attained. I shall 
discuss these problems in this paper and present recent 
developments and accumulated experiences. I shall deal 
with four-cycle solid-injection engines only; because 
air injection plays no part in small powers, and two- 
cycle engines, with rare exceptions, are not sufficiently 
developed for high speed. 

The Diesel engines that I am considering are those 
that range in bore from 4 up to 10 in. and have piston 
speeds of about 1200 ft. per min. and higher. Tables 
1, 2 and 3 have been prepared for comparison of the 
weight, speed and power of representative commercial 
Diesel and gasoline engines. It will be seen that some 
of the small Diesel engines compare favorably with the 
gasoline engine as to specific weight and output. The 
majority of the Diesel engines are, mainly because of 
tradition, unnecessarily much heavier than the gasoline 
engines, a fact which has retarded their application 
to marine and transportation service. 

Closer attention to light-weight design is demanded 


TABLE 1—HEAVY-DUTY HIGH-SPEED ENGINES OF LESS THAN 5-IN. BORE 





vidual Fuel-Pumps 


Linke- 
Cummins Hoffman M.A.N. 


Number of Cylinders 6 4 6 
Bore 4% 4% 4.7 
Stroke 6 6% 7.1 
Revolutions per Minute 1,000 1,200 1,000 
3rake Horsepower 60 5 _68 
Total Cylinder Displacement, cu. in. 572.5 410 738 
Engine Weight, lb. 2,200 1,100 1,980 
Mean Effective Pressure, lb. per sq. in. 83 80 71 
Piston Speed, ft. per min. 1,000 1,300 1,185 
Weight: Displacement, lb. per cu. in. 3.84 2.7 2.68 
Specific Weight, lb. per b.hp. 36.6 22.0 29.2 
Specific Output, b.hp. per cu. ft. 182 212 159 
Brake-Horsepower per Cylinder 10 12.5 11.3 
Fuel Consumption at Rated Mean Ef- 

fective Pressure, lb. per b.hp-hr. 0.42 0.43 


_ 


i 





- Diesel Engines ——————— 
Single Combustion-Chambers and Indi- 


Antechambers 
i Acro Gasoline Engines 
Mercedes- System Wauke- 

Packard Benz Deutz Saurer Buda sha M.A.N. 
9 6 6 6 4 6 6 
4 13/16 4.13 4.53 4.33 3% iz 4.32 
6 61% 6.7 5.9 5% 4% 6.5 
,950 1,300 1,250 1,600 1,800 1,600 1,800 
225 70 80 80 36.5 68 100 
982 523 646 520 226 381 570 
510 1,600 1,650 rae 660 890 1,280 
92.7 81.6 78.5 74.6 71 88.5 77.5 
,950 1,410 1,394 1,575 1,540 1,270 1,950 
0.52 3.06 2.53 i ew 2.92 2.34 2.25 
2.27 22.9 20.6 aden 18.1 13.1 12.8 
398 230 214 267 279 308 302 
25 11.7 13.3 13.3 9.1 11.3 16.7 

0.46 0.46 0.46 0.49 
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TABLE 2—HEAVY-DUTY HIGH-SPEED ENGINES OF 5-IN. AND UP TO 7-IN. BORE 


—— ————— Diesel Engines———_—_—_—_—_ ——__—— 
Single Combustion-Chambers and Indi- 














vidual Fuel-Pumps P -Antechambers———_, -———Gasoline Engines———~ 
og 3 
n » = = 
te be & = ae bo ° "2 an 
g 2. g _ = & re 1G & a RY. Pe 
= =) = s zs E = ® o 5 = b & - 2 
2 b Z =) s =} = C oe = he = * oe 
B mS BH ea) oa ‘3 <8) Ne Oc Ga Nn ea) = S 
Number of Cylinders 6 6 6 6 6 6 6 6 4 6 6 6 4 4 
Bore 5 5.3 6 6 6% 6% 5 5.1 5.12 6 5% 5 5% 6% 
Stroke 7 7.85 8 8 8 %4 9 7 7.3 7.48 10 6% 7 8 8 
Revolutions per Minute 1,200 1,000 1,000 1,000 1,000 800 1,000 1,200 1,250 800 1,000 1,500 950 950 
Brake Horsepower 100 100 150 138 180 170 75 90 60 120 150 160 80 120 
Total Cylinder Displacement, 
cu. in. 825 1,040 1,360 1,360 1,742 1,930 825 880 615 1,696 1,050 1,138 830 1,145 
Engine Weight, Ib 2,200 1,760 ooo. 4,550 5,425 5,000 3,920 3,300 cece” ae 2.750 3,400 5,025 5,125 
Mean Effective Pressure, 
lb. per sq. in. 80.0 74.5 7.5 80.6 81.85 87.5 72 67.5 71.3 70 113 70 80.5 87 
Piston Speed, ft. per min. 1,400 1,305 1,333 1,333 1,458 1,200 1,166 1,420 1,560 »oo0 1,125 1,750 | 1,270 
Weight: Displacement, 
lb. per cu. in. 2.67 1.69 3.33 3.12 2.59 4.75 3.75 4.43 2.62 2.98 6.05 4.47 
Specific Weight, lb. per b.hp 22.0 17.6 aca 33.0 30.3 29.4 52.5 36.7 ra 58.6 18.3 19.4 62.8 42.6 
Specific Output, b.hp. per cu. ft. 210 166 191 174 179 152 157 177 194 122 247 271 166 181 
Brake-Horsepower per Cylinder 16.7 16.7 25 23 30 28 12.5 ] 17.2 0 26 26.7 20 30 
Fuel Consumption at Rated 
Mean Effective Pressure, 
lb. per b.hp.-hr. 0.43 0.45 0.43 0.4385 0.435 0.46 0.46 0.4¢ 


of the Diesel engineer, and the weight reduction must 
be accomplished without expensive refinements. Our 
endeavors to bring the structural weight of the Diesel 
engine down to gasoline-engine figures are handicapped 
by the higher maximum gas pressures that must be sus- 
tained by the frame, cylinder-heads, pistons, connecting- 
rods and crankshaft. 

Maximum combustion pressures higher than 700 to 
750 lb. per sq. in., which are about 60 per cent higher 
than in modern gasoline engines, will not be necessary 
for high mean effective pressure and low fuel consump- 
tion. A 5-per-cent increase in crankshaft diameter, 
which means about a 10-per-cent increase in weight, 
will sufficiently compensate for the higher loads. The 
connecting-rod will have to weigh about 20 per cent 
more. The weight difference for the frame and cylin- 
der-heads need not be more than about 30 per cent, 
for the same material; because gasoline-engine cast- 
ings are usually cast much heavier than necessary, for 
foundry reasons. The weight of the other engine parts 
can be the same in both cases, inasmuch as the Diesel 
engine is inherently as simple as or simpler than the 
gasoline engine. 

A total weight differential of 15 to 25 per cent there- 


fore seems to be sufficient to meet the effects of higher 
gas pressures. These figures are confirmed in practice 
by some of the Diesel-engine types, as indicated by the 
specific weights in Tables 1 to 3. Weight saving 
through the use of aluminum alloys or thin steel cast- 
ings instead of nickel cast-iron is no longer a difficult 
problem, but purely a question of economy. The appli- 
cation of these materials in Diesel engines for trans- 
portation purposes, where weight reduction of the 
engine results in higher payload, is economically sound. 

Reducing the engine weight per horsepower by in- 
creasing the rotative speed involves problems of re- 
ducing and balancing inertia forces, of bearing design, 
wear, cooling and lubrication which will be discussed in 
detail later in the paper. The real limit of power in- 
crease through an increase in speed is set by the 
natural breathing capacity, which depends on _ volu- 
metric efficiency. The volumetric losses increase rapidly 
beyond a certain piston speed, so that the charge of 
combustion air decreases in inverse proportion to the 
engine speed, with the result that the torque drops off 
quickly. This limitation can be overcome by super- 
charging, which is at present not commercially feasible 
for the purposes here considered. 


TABLE 3—HEAVY-DUTY HIGH-SPEED ENGINES OF 7 TO 10-IN. BORE 
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Single Combustion-Chambers and Individual Single Combustion-Chambers and 


Fuel-Pumps 
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Common-Rail System -Gasoline Engines—, 
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a es a> Sx Zu. ci Raf 45 ea > N Dn 7. S ea 
Number of Cylinders 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 
Bore 7% 8% 9 9 914 10 10 7 7% 5 8% 8% S 5 8 3% 
Stroke 12 11 11 12 10% 12 12 814 10% 10 11 11 9 10 10% 
Revolutions per Minute 900 700 750 900 800 800 50 650 650 750 700 600 900 900 950 
Brake Horsepower 300 230 300 400 360 500 300 120 200 250 300 210 300 300 100 
Total Cylinder Displace- = : = a 
ment, cu. in. 3,180 3,750 4,180 4,575 4,460 5,655 5,655 1,962 2,782 3,020 3,750 3,750 2,720 3,020 3,780 
Engine Weight, Ib. 11,000 10,500 10,000 12,900 14,400 14,500 19,000 6,600 8,200 7,400 7,600 sees 5,670 7,400 8,000 
Mean Effective Pressure, 3 
lb. per sq. in. 83 7 75.5 77 80 87.6 76.4 74.5 87.6 87.5 90.5 73.8 97.5 88 88 
Piston Speed, ft. per min. 1,800 1,280 1,375 1,800 1,400 1,600 1,100 921 1,138 1,250 1,285 1,100 1,350 1,500 1,660 
Weight: Displacement, : 
Ib. per cu. in. 3.46 2.80 2.39 2.82 $.23 2.56 3.36 3.36 2.95 2.46 2.05 eoete 2.08 2.45 2.11 
Specific Weight, = 
lb. per b.hp. 36.7 45.5 33.3 32.3 40.0 29 63.3 55 41 29.6 25.3 ee 18.9 24.7 20.0 
Specific Output, Z = i 
b.hp. per cu. ft. 163 106 124 151 140 153 92 106 124.5 143 138 97 190 173 183 
Brake-Horsepower per - is 
Cylinder 50 38.3 50 66.7 60 83.3 50 20 33.3 41.7 50 35 50 50 66.7 
Fuel Consumption at Rated 
Mean Effective Pressure, P 
lb, per b.hp-hr. 0.38 tars 0.39 0.40 0.44 0.42 0.43 0.44 0.43 0.45 
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Fic. 1—ANTECHAMBER INJECTION ARRANGEMENTS 


Combustion-Chambers Shown Are of the Following Engines, the 
Bore of the Engine in Inches Being Indicated: Left, Deutz, 414; 
Center, Mercedes-Benz, 4.13; Right, Hill, 3% and 5 


Combustion control is the essential problem which 
influences the whole design. The solution depends on 
the selection of the type and form of the combustion- 
chamber and on the fuel-injection system. 


Combustion-Chamber Designs 


Combustion-chamber developments have reached a 
point where it is no longer necessary to cast about for 
fundamentally new forms, as existing types offer a 
diversified and rich selection. The questions to be con- 
sidered in deciding upon the type and shape to be used 
are: first, which designs make possible good combustion 
at variable loads and speeds and high mean effective 
pressure and, second, which design attains its ends and 
purposes in the simplest manner? 

Suitable combustion-chambers fall into three groups. 
Examples of the first group, in which the fuel is in- 
jected into a small precombustion or antechamber at 
moderate pressures, are shown in Fig. 1. A part of 
the fuel partially burns in the precombustion-chamber, 
resulting in a pressure rise. This projects the remain- 
ing fuel, highly heated air and products of combustion 
through one or several communicating holes into the 
main chamber, where further combustion takes place. 

A second group is represented by Fig. 2, showing 
the Acro system, in which the combustion air is com- 
pressed into an air-storage chamber placed either in 
the piston or in the cylinder-head. This chamber com- 





munciates with the clearance space between the piston 
and the cylinder-head through a narrow funnel into 
which the fuel is injected at moderately low pressure. 
The air-chamber supplies air to the burning fuel, 
making the combustion process similar to that in a 
blow-torch. The Acro chamber shares with the ante- 
chamber the advantage of low fuel-pump pressure and 
coarse jets, and the drawbacks of hard starting and 
reduced thermal efficiency. 


Single Chambers Are Simple and Efficient 


The third group comprises single chambers into which 
fuel is injected at high pressures either through one 
central injection valve with a single or multi-hole nozzle 
or through one or two valves from the side. Examples 
of this group are shown in Figs. 3 to 5. 

Without going too far into a detailed analysis of the 
relative merits of the different designs, it seems safe 
to say that the single-chamber type offers the simplest 
and most efficient solution to combustion and heat-con- 
trol problems under variable conditions. This type pro- 
vides for the highest mean effective pressure and can 
be applied equally well to large and small engines, while 
the first and second types are applicable to small engines 
only. Single-chamber engines are easier than others 
to start when cold. 

The antechamber type has a much larger cooled sur- 
tace, which results in much greater heat losses during 
compression and combustion. The flow of heat to the 
cooling-water is further increased by concentration of 
heat in the small communicating holes, due to the high 
velocity and temperature of the gas mixture that is 
projected into the main chamber. These conditions re- 
strict to a large extent the combustion efficiency and 
the mean effective pressure that are attainable, espe- 
cially in large cylinders. The mean effective pressure 
of an antechamber engine is also curtailed by a lesser 
degree of scavenging and by lower volumetric efficiency, 
and it requires a more complicated and heavier cylinder- 
head. To facilitate starting from cold, a higher com- 
pression-ratio and in most cases electric heating coils 
must be resorted to, which add complications. 

Among the advantages of the antechamber engine 
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Fic. 3—SINGLE COMBUSTION-CHAMBERS WITH CENTRAL INJECTION 


The Sketch at the Left Represents Cummins Engines of 4% and 6%-In. Bore; the Left-Center Sketch 

Fic. 2—Acro SYSTEM Represents Winton 8 and 8%-In., Westinghouse 8% and 9-In. and Bessemer 7% and 9-In.-Bore Engines; 
Seurer Engine 4.33-In. the Right-Center Sketch Represents M.A.N. 8.7 and 10.2-In., Treiber 8%4-In., Superior 8%-In. and Foos 
Bore. 81%4-In.-Bore Engines, and the Sketch at the Right Represents a McIntosh Engine Having 9%4-In. Bore 
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are that it probably is less sensitive 
to the use of the heavier grades of 
fuel and that it does not require such 
high injection pressures, which latter 
are beneficial to the life of the fuel- 
pump. The advantage of ability to 
handle heavier oils becomes less with 
increasing adoption of specification 
fuels. 


Principles of Single-Chamber Design 


The examples of single-chamber de- 
sign given in Figs. 3 to 5 show great 
differences in regard to shape. In 
general, the form of the combustion- 
chamber should be adapted to the di- 
rection and shape of the spray jets, 
the air-intake valves and their ports 
should be arranged so as to promote 
directed air turbulence, the piston 
should cause additional air whirl near 


of rotating and whirling air should 
be penetrated by the fuel jets. 

Attention will be focused in what follows on single- 
chamber designs in which combustion is aided by di- 
rected air turbulence as the most promising means to 
high mean effective pressure with low fuel consump- 
tion over wide ranges of load and speed. If fine spray 
atomization by high-pressure injection alone were to be 
depended upon to accomplish this end, the nozzle holes 
would have to be very small and numerous and the 
pump pressures for the larger cylinders exceedingly 
high, which would be a great disadvantage. 

Uncontrolled turbulence is developed in any of the 
single chambers shown in Fig. 3 to 5 by the rapid dis- 
placement of the air entrapped between the outer por- 
tion of the piston top and the bottom of the cylinder- 





Fic. 4—SINGLE COMBUSTION-CHAMBERS WITH SIDE INJECTION 


The Engines Represented, with Their Bores in Inches, Are: Left, 
Packard, 4.81; Center, M.A.N., 4.7, and Right, Buda, 6 


head. The wider the flat piston rim and the smaller 
the piston end clearance, the greater is this turbulence. 
The width of the rim of a dished piston is limited by 
the necessity of providing room for the spray. The 
rim can be wide in large cylinders, but it must be 
narrow in small engines to avoid the necessity for very 
fine spray holes. 


How Directed Turbulence Works 


Directed turbulence in conjunction with central in- 
jection was first applied by Hesselman, as far as I know, 
some ten years ago. He shrouded a portion of the inlet 
valve as shown in Fig. 5 so that the air flows into the 
cylinder tangentially and rotates, after being com- 
pressed, at such speed that it moves from one fuel jet 
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The Sketch at the 


top dead-center, and the whole mass_ Central Sketch Is of the 





Fic. 5—SINGLE COMBUSTION-CHAMBERS WITH DIRECTED TURBULENCE AND CEN- 


TRAL INJECTION 
Left Represents Ricardo Engines of 5% and 7%-In. Bore; the 
Hesselman Engine; and the Sketch at the Right Is of the 
DeLaVergne 9-In.-Bore Engine 


to the next during the injection period. Ricardo em- 
ployed the same principle in his high-speed sleeve- 
valve engines, illustrated diagrammatically in Fig. 5. 
He reports results of tests on a single-cylinder 51% x 
7-in. engine which are most interesting. The indicated 
mean effective pressure at the normal speed of 1300 
r.p.m. was 112 lb. per sq. in., with a fuel consumption 
of 0.29 lb. per i.hp., and 122 lb. per sq. in. indicated 
mean effective pressure with a fuel consumption of 
0.285 lb. per i.hp. at 2200 r.p.m. A fuel consumption of 
0.38 lb. per b.hp. is guaranteed with the 71% x 12-in. 
Ricardo commercial engines at 900 r.p.m. 

Ricardo’s excellent results are obtained with a single 
solid fuel-jet from one large open nozzle of 1/32-in. diam- 
eter, placed vertically, near the high cylindrical wall of 
the combustion-chamber, as shown in Fig. 5. Tangential 
ports in the sleeve valve direct the air into the cylinder 
in a circular current, the angular speed of which is ap- 
proximately doubled when the air stream is transferred, 
without losing peripheral speed, into the compression 
space having a diameter about one-half that of the 
cylinder. Uncontrolled turbulence is superimposed upon 
the directed rotational swirl near top dead-center by the 
displacement action of the piston. Ricardo found through 
experiments that the best results are obtainable when 
the entering air is so directed that it makes one revolu- 
tion within the combustion-chamber in a crank angle 
of from 30 to 36 deg., which is identical with the in- 
jection period at full load. 

The attractive feature of Ricardo’s high-turbulence 
chamber is the simple spray-nozzle having a hole of un- 
usually large diameter. This feature eliminates the 
danger of choked nozzles and also allows low fuel-pump 
pressures. The last is very desirable, as high pressures 
increase maintenance costs of the fuel-injection parts. 
These advantages are, however, heavily penalized by the 
necessity for a sleeve-valve construction, which leads to 
expensive mechanical complications. 

The shrouded inlet valve looks to be much simpler than 
the sleeve-valve construction, but the shroud masks a 
considerable part of the valve circumference and dis- 
turbs the streamline flow, with the result that the volu- 
metric efficiency is decreased, which is a big handicap to 
a high-speed engine. 


Directed turbulence effect was sought in the new 
DeLaVergne high-speed engine by the arrangement of 
simple dual inlet-valves represented diagrammatically in 
Fig. 5. The valves are so placed and the inlet ports so 
shaped that the air is drawn in spirally and induces a 
rotational motion on the vortex-shaped piston, and the 
circular motion of the air is intensified during the com- 
pression stroke. The fuel is injected through the five- 
hole nozzle of a centrally located Bosch-type spray valve. 
The jets are directed fairly close to the piston-head but 
do no touch it, so that the air immediately below the 
flat cylinder-head expands through the burning fuel jets 
during the down stroke of the piston. 

The rotational speed of the air in the cylinder of this 
engine has not been measured, but the high mean effec- 
tive pressure and good fuel-consumption results obtained 
with moderate injection pressures allow us to assume 
that well-directed turbulence of the air charge actually 
takes place at the desired rotational speed, which in- 
creases and decreases approximately in direct proportion 
to the engine speed. The results of previous tests on a 
two-cylinder 81% x 12-in. experimental engine, shown in 
Fig. 6, are represented in Fig. 7, from which it is seen 
that a fuel consumption of 0.41 lb. per b.hp. was obtained 
at 600 r.p.m. on Ontario crude-oil. The consumption was 
9.40 lb. per b.hp. at the normal rated mean effective 
pressure of 80 lb. per sq. in. during long periods 
of running on ordinary Diesel fuel. This experimental 
engine had a combustion-chamber similar to that of the 
new engine, as shown diagrammatically in Fig. 5, but 
the arrangement of the inlet ports was not quite as good. 
The new engine has a still lower fuel consumption, be- 
cause of the better-controlled turbulence. 


The Combustion Process 


Combustion in directed-turbulence chambers takes 
about the following course: The fuel enters shortly be- 
fore dead-center and penetrates the compressed whirl- 





Fic. 6—DELAVERGNE EXPERIMENTAL 8% xX 12-IN. Two- 
CYLINDER ENGINE 
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Fic. 7—TEST CURVES OF DELAVERGNE 8% xX 12-IN. Two- 
CYLINDER EXPERIMENTAL ENGINE 
Ontario Crude Oil Was Used as Fuel, the Engine Running at 600 


R.P.M. Examples of the Use of Curves Such as This Are Given 
in a Paper by Otto Nonnenbruch? 





2See Transactions of the American Society of Mechanical Engi- 
neers, 1929, paper OGP-51-3. 


wind of hot air, the finer atomized particles on the outer 
layers of the fuel jets become heated to the ignition 
point, and small initial flames are formed around the 
fuel jets. This first phase of combustion occupies a 
comparatively long time, as indicated in Fig. 8, and is 
called the ignition delay or time lag. The ignition delay 
in seconds is practically constant and independent of the 
engine speed, and there can be no noticeable pressure 
rise above the compression line during this phase. As 
the flat rim of the piston approaches the cylinder-head, 
it displaces the outer ring of air and sets up vigorous 
turbulence, so that the fuel that has already entered is 
thoroughly mixed with oxygen and burns in a very short 
time. A rapid rise in pressure and temperature occurs 
during this second phase, at almost constant volume. 

The mixture in the combustion-chamber is now so hot 
that further fuel ignites as it enters, the fuel droplets 
burning from the surface of the main jets as they meet 
the fresh particles of air that are being supplied con- 
tinuously by the rotating stream of air. At the same 
time the products of combustion are swept away from 
the burning jets by the air-stream. This constitutes 
the third phase of the combustion. 


Ignition Lag No Barrier to High Speed 


Ignition lag is in the order of 0.001 to 0.002 sec. and 
depends on: (a) the ignition point of the fuel; (b) 
the temperature of the compressed air, which is a func- 
tion of the compression ratio and of the suction air 
temperature;.and (c) the distribution and fineness of 
atomization of the fuel spray, which is determined by 
the injection pressure and nozzle characteristics. The 
ignition lag decreases during the injection. The igni- 
tion timing can be advanced to compensate for the igni- 
tion lag as the speed increases; therefore, the maximum 
engine-speed is not limited by ignition lag. 

The rapid pressure rise depends on: (a) the vigor 
of uncontrolled turbulence, (b) the timing and rate of 
fuel injection, (c) the initial pressure and temperature 
conditions in the combustion-chamber. The pressure 
rises but slightly or is maintained constant, accord- 
ing to the shape of the fuel-pump cam, during the third 
phase of combustion. The rapidity of the pressure rise 
during the second phase is also influenced by the fuel 
cam. 

The actual interrelation between injection and com- 
bustion pnases of a 9 x 11-in. high-speed engine can be 
studied by means of Figs. 8, 9 and 10. The combustion- 
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chamber design and fuel-injection system used in this 
engine give great flexibility of load and speed with 
clear exhaust. The ignition delay marked on the indi- 
cator card in Fig. 8 as 8 deg. in crank angle at 750 r.p.m. 
is equivalent to (60 x 8)/(750 x 360) = 0.0018 sec. 

Fig. 8 is an indicator diagram of this engine at 750 
r.p.m. on which the various pressures are marked, also 
the events in the cycle and the phases as described in 
the foregoing and as indicated in Fig. 9. Fig. 9 shows 
the design of the fuel-pump cam, and illustrates a 
graphical determination of the plunger velocity by a 
parallelogram of velocities, which is applicable at any 
point of the lift curve of the cam. The rotational 
velocity of the point on the roller-center curve in feet 
per second, which is used as one side of the parallelo- 
gram, is found from the distance of this point from the 
cam center and the rotational speed of the camshaft. 
Fig. 10 is a diagram of the plunger velocity and injec- 
tion pressure at an engine speed of 750 r.p.m., based 
on Fig. 11, with the upper dead-center of the engine 
and events of the cycle indicated to correspond with 
Figs. 8 and 9. 


Selection of Injection System and Process 


Development of combustion-chambers for high-speed 
engines has been-limited to a large extent by the prob- 
lem of producing reliable means for the accurate meter- 
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Fic. 8 — COMBUSTION PHASES 
SHOWN ON INDICATOR DIA- 





engines in regard to specific weight and fuel consump- 
tion. With directed turbulence as an effective aid in 
mixing the charge in single chambers, only moderate 
injection pressures are needed. This tends to increase 
the life of the injection parts and the reliability of the 
engine. 

There are two systems that fulfill the requirement of 
quickly injecting small quantities of fuel at high pres- 
sure: (a) the common rail and (b) the individual cam- 
driven fuel-pump for each cylinder. Both systems have 
been applied successfully, but there are differences in 
performance with variable load and speed conditions 
which should determine the selection. 

Equal distribution of fuel over all cylinders at varia- 
ble loads and speeds is difficult to maintain with the 
common-rail system, on account of possible inaccuracies, 
uneven wear, deflection and heat expansion of its many 
moving or adjustable parts such as rocker arms, links, 
push-rods and regulating wedges, which are all involved 
in the mechanical opening of the fuel-spray valves. 
One or more cylinders may misfire at light loads, even 
when the adjustment is such that the fuel distribution 
is perfectly even at full load. This is a serious handi- 
cap, particularly in small high-speed engines requiring 
extreme flexibility and smokeless exhaust. For this 
and other reasons, the trend is decidedly toward the 
individual-pump system. 
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GRAM Fic. 9—FUEL-PUMP CAM DESIGN FOR 9 X Fic. 10—DIAGRAM OF PLUNGER VELOCITY 


Based on Actual Diagram of 
9 x 11-In. Engine at 750 R.P.M. 


11-IN. DELAVERGNE ENGINE 


AND INJECTION PRESSURE 


The Pump Used Is a Bosch Having 0.473-In This Diagram Is Based on Fig. 9 

Bore and 0.594-In. Stroke. The Method Is The Injection Pressure Is Found by the Fol- 
ing, timing, injecting and Indicated for Find ng the Plunger Velocity at ving Formula Si . . 
di t ‘bh ti f ll Any Point by a Parallelogram Pi—0.00678 A X Vp? [D (nC d 
_ perdi aru quan- The notation in Figs. 9 and 10 is as follows 
tities of fuel during a very A=specific gravity of fuel, referred to water a I ie | 
short time-interval. The C=coefficient of contraction Earlier difficulties with high-pres- 
antechamber, which may be D=diameter of fuel-pump plunger, in. sure individual-pump injection are re- 
regarded as a temporary 7 ee ee =» flected in the bewildering variety or 
solution, was devised prin- P= injection pressure more or less complicated fuel-pump and 
cipally because it does not Pp=pump pressure=P: plus 650, represent spray devices to be seen in current 
require high fuel-injection ing pipe friction and gas pressurt practice or described in patent specifi- 
pressures and needs nosmall ., ., oh th: pe > crankshaft Cations. The state of affairs is similar 

ngies given reter o rotation oO cranksnal 


holes in the injection nozzle. 
Antechambers are losing 
their importance since the difficulties in filtering the 
smallest particles of grit from fuel and manufacturing 
delicate high-pressure injection parts for small engines 
have now definitely been overcome by the application of 
modern precision methods and the use of nitrided steels. 
Reference to the Tables 1 and 2 indicates that ante- 
chamber engines cannot compete with single-chamber 


to that in the early development of 

carbureters, spark-plugs and magnetos. 

which has been followed by the present standardization 

of types on which the success and the low initial cost 
of the gasoline engine of today are based. 

Enterprising specializing firms have already begun 

a similar standardization process and quantity produc- 

tion of fuel-injection parts which will no doubt con- 

tribute immensely to the future commercial success of 
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the high-speed Diesel engine. This standardization 
naturally has been concentrated on the individual-pump 
system, with the result that reliable and comparatively 
cheap pumps and injection valves are now on the market. 
Details of individual-injection-pump and injector de- 
signs were described last year in a paper’ by J. E. Wild. 
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Fic. 11—DELAVERGNE SIX-CYLINDER 9 X 11-IN. ENGINE WITH VALVE COVERS 


REMOVED 





pressure by adjusting the spring tension on the 
valve. It remains closed until this pressure is reached 
and closes instantly when the pump pressure 
drops. To make the advantages of the closed nozzle 
clearer, I refer to the example given in Fig. 10. The 
calculated injection pressure P; at the beginning of in- 
jection is 4200 lb. per sq. in. at 
750 r.p.m. The opening pressure 
of the injection valve was set to 
3000 Ib. per sq. in. when dis- 
charging into the atmosphere. 
When the speed of the pump is 
reduced, the injection pressure 
drops in proportion to the squares 
of the speeds; for instance, P; is 
915 lb. per sq. in. at 350 r.p.m. 
The pump pressure P, is in each 
case approximately 650 lb. per sq. 
in. higher, because of the gas 
pressure in the combustion- 
chamber into which the fuel is in- 
jected and the fluid friction in the 
discharge pipe. The calculated 
initial pump pressure of 1515 lb. 
per sq. in. at 350 r.p.m. must then 
be built up to 3650 lb. per sq. in. 
before the valve is opened. After 
this the fuel is injected at a pres- 
sure of 3000 lb. per sq. in., which 
is high enough to give the desired 


The Instruments Shown at the End Indicate the Pressures of Fuel, Oil and Air and the atomization at slow speed. 


Engine Speed. 


For maximum mean effective pressure and greatest re- 
liability our problem now is to select the simplest satis- 
factory injection design and apply it to our single com- 
bustion-chamber. Consequently, our choice falls on 
the pump design in which the plunger acts as inlet and 
bypass valve and on the closed-type nozzle having a 
spring-loaded valve which is opened by the pressure in 
the discharge line from the pump. 

The pump units of an engine can be built in one 
block, as seen in Fig. 6, but it is preferable to mount 
them individually on a common housing of the plunger 
drives. Usually a separate camshaft is provided for 
driving the pumps. Individually mounted pump units 
give the advantage of greatest possible standardization 
and simplify the stock and the replacement problem. 
The simplest manner of driving such pumps is to place 
them over the camshaft that operates the inlet and 
exhaust valves, as has been done in the engine shown 
in Fig. 11. This camshaft is liberally dimensioned and 


rigidly supported in the crankcase, so that no deflection © 


can occur which will disturb the injection timing. This 
arrangement also makes the discharge pipes short and 
of equal length for all cylinders. 

Much controversy has centered around the question 
of open versus closed nozzles. The more simple open 
nozzle is unsuitable for variable-speed engines because 
the injection pressure varies with the square of the 
speed. The injection pressure is low at the beginning 
and end of each injection at any speed, and consequently 
the atomization is coarse. Also after-dripping of fuel 
occurs, due to the elasticity of the previously stressed 
pump plunger, discharge line and column of fuel. 

The closed nozzle can be set to a definite opening 





8 See S.A.E. JOURNAL, May, 1930, p. 587. 


A Pyrometer Is Located at the Front of the Same Housing 


May Omit Timing Control 


The ignition delay, estimated in our example to 
be approximately 0.0018 sec. or 8 deg. on the crank 
circle at 750 r.p.m. as shown in Fig. 8, would re- 
quire only 334 deg. at 350 r.p.m. if completed in the 
same time. In view of this it might seem that the in- 
jection timing could be retarded from 16 to 12 deg. 
in advance of dead-center. However, the actual be- 
ginning of injection at the reduced speed is retarded 
automatically by the necessity for building up the 
initial pressure to the injection pressure that has been 
predetermined by the adjustment of the injection valve, 
so that it is practicable to leave the ignition timing 
fixed over a wide range of speed. The injection ad- 
vance, given in Fig. 8 as 16 deg., covers the ignition 
lag and also a certain injection delay due to the elastic 
deflection of the roller guides and other parts of the 
fuel-pump drive. 

With a closed nozzle and a fuel-pump such as is shown 
diagrammatically in Fig. 9, the opening pressure is built 
up shortly after the inlet ports of the pump have been 
closed by the plunger. At this point—which is marked 
on a small inspection window provided on the fuel- 
pump housing, to facilitate accurate mounting and 
timing—the plunger has been lifted a certain distance, 
designated in Figs. 9 and 10 as idle lift. The cam 
setting is then simply advanced from this point, which 
was 16 deg. in our example. The pressure rise during 
combustion can be regulated at will by changing the 
injection timing. Our calculated pump pressures, as 
shown graphically in Fig. 10, checked fairly closely 
with measurements taken during engine operation. 

Careful provision should be made to catch and drain 
off any possible leakage of fuel from the injection 
parts, if they are fully enclosed within the engine as 
in Fig. 11, to prevent dilution of the lubricating oil. 
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Available Materials Limit Practicable Heat 


Coming now to the practical application of the com- 
bustion principles discussed above to the design of cyl- 
inder-heads, valves, cylinders and pistons, it may be 
said that what now limits mean effective pressure is not 
combustion but the heat-resisting properties of the 
materials ordinarily available for these parts. Mean 
effective pressures equal to those of gasoline engines 
are possible in Diesel engines. The temptation to in- 
crease the rated power output to the highest values 
in this way is strong, because of competition with the 
gasoline engine, and it is bound to lead to trouble if 
it is not curbed by regard for the most important con- 
siderations of engine reliability and life. 

Test rating and service rating are two different 
things. This fact, which unfortunately has been for- 
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gotten in some cases, should always be borne in mind. 
The rating of an engine is a difficult subject on which 
to agree, but it may be a sound rule that the normal 
service rating should be based on a mean effective 
pressure about 15 to 20 per cent less than that which 
the engine can deliver on the test floor for say 100 
hours continuously without a hitch. Such a rating or- 
dinarily coincides with the point of minimum fuel con- 
sumption. On this basis the ratings of the more pro- 
gressive high-speed Diesel engines compare very favor- 
ably with those reported for heavy-duty gasoline 
engines. 


Design of Cylinder-Head and Valves 


The cylinder-head, which is usually made of nickel 
cast-iron, contains the inlet, exhaust and fuel valves 
and has to resist stresses from both gas pressure and 


ee 














on | aes 

sae L il N Q NN f N 

ie th ON NAPS 

n oO , } ‘ N N N 

| | Noein N i ; N 

C) ‘ ! ae FF N 

Wh K, } ° Naa SN N 
Z AW A So : 
— R NS UG | 
/ ; “| YZ GAY rf A | 
4 i | )¥ { 
oe See , 
; 4 
y 4 


SSP 


Z 








NY 





IN 





Lilie, 
N 
4 
LS 


4 
3 
4 

% 
4 


3 
4 






ABVAABBAVRARRRLBRSSSSS SESSA 


SSS 


STITT ty, 
4 





UF 






















as 
Necren t 


CZZZZZZ 














VL 
Cael 
SSS 


2p BN NZ 
TMD 
ee ae 


N 





| = ZZ, 
Z ON INN 


J 
Py 


ZAI 
rc“ 


th, 
= 


MSG 


GFLELLUSLS 





Lididddddddddddddddddaidaddddddddddd 

































N 





\ 
J 
\ 
\ 
' 
H 
' 
' 
' 
\ 
\ 
H 
' 
\ 
' 
AS 


ABE aaaae' a 


Fic. 12—TRANSVERSE AND PARTIAL LONGITUDINAL CROSS-SECTION OF DELAVERGNE 9 X 11-IN. HIGH-SPEED DIESEL ENGINE 
Air Enters at the Dual Inlet Valves from the Lower Manifold through a Short Passage, Partly Vertical, Having Directing Fins as 
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heat. It consists mainly of two discs connected by a 
vertical shell of suitable height and by the bosses for 
the valves. To limit the heat stresses in the bottom 
disc, which is exposed directly to fire and pressure, 
ample cooling-water should be splashed against the 
center and particularly around the fuel valve, where 
heat tends to be localized. 

In the DeLaVergne cylinder-head, shown in cross-sec- 
tions in Fig. 12, the cooling water enters through a 
nipple at the bottom and flows toward the center at 
high velocity through a horizontal port cast inside the 
head. From there it spreads out to cool the hot lower 
disc, the five valve-bosses and the in- 
let and exhaust ports. The bottom 
disc is well supported from the top 
disc through the inner vertical shell 
and the vertical valve-bosses, so that 
it can be made thin to avoid undue 
heat stresses. The top disc is ex- 
tended into a square flange, sup- 
ported by high outer walls. Vertical 
ribs between the inner and outer 
shell reinforce this boxlike head, as- 
suring great rigidity. This allows 
the gas pressure to be transmitted 
to the frame by a small number of 
strong bolts, making removal of the 
head easy. 

Valves and ports should be un- 
restricted, the valve lift should be 
at least 25 to 30 per cent of the port 
diameter and the inlet valves should be well streamlined. 
The 30 or 45-deg. valve seats should be made wide 
enough so that the heat absorbed by the valve-head 
during combustion can be dissipated mainly through the 
seat, to prevent excessive heat and sticking of the valve- 
stem. 

The larger a valve is, the hotter it gets; because the 
valve-head area exposed to heat increases with the 
square of the valve diameter, while the cooling surface 
at the seat increases only in direct proportion. It is 
therefore advisable to arrange dual inlet and exhaust 
valves in the larger cylinders, say from 7 to 8-in. diam- 
eter and upward. Smaller dual valves warp less, so 
that the time between regrinding operations is mate- 
rially increased. Furthermore, ports for four valves 
give a more symmetrical cylinder-head design and more 
distance between the valve seats, which eliminates dan- 
ger of cracking. Fig. 13 shows that the valve gear for 
dual valves can be made just as simple as for single 
valves. 


Cylinders, Liners and Aluminum Pistons 


Cylinders of high-speed engines usually are cast in 
one block, together with the crankcase, as shown in Fig. 
14. The material is either cast iron or aluminum. Re- 
movable liners of hard nickel-iron or steel seem to have 
become common practice in both the larger and the 
smaller sizes. Where price permits, steel liners are an 
advantage in respect to wear and lubrication, because 
they are hard and can be made very thin and kept cool. 
Besides, a well-cooled liner increases the volumetric 
efficiency and dissipates more heat from the piston. 
There is no question that the steel liner will consid- 
erably outlive the cast-iron liner. Whether the use of 
nitrided steel for liners will be justified is a question 
of cost and future development; their cost now is pro- 
hibitive. 





Fic. 13—CYLINDER-HEAD OF EN- 
GINE SHOWN IN FIGs. 11 AND 12 


The piston has to fulfill many important require- 
ments, which are much more severe in high-speed en- 
gines than in slower types. The piston should be as 
light as possible, to keep inertia forces low and thus 
reduce the average bearing pressure. Cast-iron pistons 
are too heavy for high speeds, and aluminum-alloy pis- 
tons are now available which give satisfactory service. 

The greatest portion of the heat which the piston 
dissipates to the walls of the cylinder is conducted 
through the piston-rings. Properly drained and placed 
oil-wiper rings, possibly one near the bottom of the pis- 
ton and one above the piston-pin as illustrated in Fig. 
14, prevent lubricating oil from 
creeping up into the combustion- 
chamber. The piston-pin should not 
be located too close to the piston- 
rings, to avoid piston slap. 


The Mechanics of High Speed 


The mechanical problems arising 
from high piston and rotative speeds 
in Diesel engines are very similar to 
those encountered in high-speed 
gasoline engines. The general feeling 
among the older Diesel-engine users 
that increased speed means reduced 
reliability is no longer justified, be- 
cause of the metallurgists’ recent 
contributions of better materials, the 
higher standards of manufacturers, 
the wider experience of designers 
and our present knowledge of lubrication. 

Due allowance must be made for the difference in 
maximum gas pressures in comparing the mechanics of 
high-speed engines. The problem of high speed and 
light weight consists, like most engineering problems, 
of a judicious compromise between daring attempts and 
safety first. The purpose of the following discussion is to 
indicate where conservatism and caution are necessary. 

The chief problems in the design of the connecting- 
rods for high speed are: (a) sufficient stiffness to re- 
sist both bending and vibration, (b) light weight and 
(c) sufficient rigidity of the rod ends to provide ade- 
quate support for the bearings. The piston-pin bear- 
ing should be made short and of large diameter, to pre- 
vent local overloading. Uniform surface hardness is 
of utmost importance, therefore it is advisable to make 
the piston-pin of nitrided steel. 


Heavy Carbon-Steel Crankshaft Recommended 


The diameter of crankpins should be made as large 
as possible, preferably two-thirds of the diameter of 
the cylinder, which makes the big end of the rod about 
as large as can be removed through the cylinder. Suffi- 
cient bearing lengths are then obtained with a reason- 
able cylinder-center distance of about 1% times the 
bore, without penalizing the thickness of crank webs. 
The webs must be made rigid to prevent deflection and 
whipping. A bearing is fitted between each two crank 
throws for the same reason. The flywheel-end bearing 
is usually made longer than the others. For most 
commercial purposes a well-forged 0.40 to 0.45-per- 
cent-carbon steel meets the two essential requirements 
of fatigue resistance and surface hardness. Apart from 
the advantage of lower price, a one-piece carbon-steel 
shaft is more dependable than a high-tensile-strength 
alloy-steel shaft because it is less sensitive to errors in 
heat-treatment. 
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Well-designed carbon-steel crankshafts seldom frac- 
ture if proper fillets are provided at the ends of jour- 
nals and crankpins; if sharp corners and threaded plugs 
are avoided in the hollow crankpins; and, most impor- 
tant, if freedom from torsional vibration at any operat- 
ing speed is assured. Rigid support of the main bear- 
ings in the bedplate or crankcase is equally vital to the 
life of the crankshaft and to smooth running of the 
engine. My excuse for mentioning this is that most 
crankshaft failures and bearing troubles are due to de- 
flections and misalignment, giving reason to think that 
the importance of rigidity is not always sufficiently ap- 
preciated. The general gasoline-engine practice of fas- 
tening the main-bearing caps to the crankcase can be 
followed in small Diesel engines, but the crankshafts of 
medium-size engines usually are supported in the bed- 
plate. 

An efficient cooler for the lubricating oil is necessary 
in high-speed Diesel engines to maintain the tempera- 
ture of the oil in the crankcase within practical limits 
of 150 to 175 deg. fahr. The use of a satisfactory oil- 
filter is also important. The limiting factor for high- 
speed-engine bearings is the pressure multiplied by the 
velocity ; not the maximum pressure only. A product of 
pounds per square inch and feet per second as high as 
20,000 is safe for main bearings which have force-feed 
lubrication and good facilities for disposing of the 
heat. 


Engine Vibration and Critical Speeds 


Crankcases and bedplates must possess sufficient 
rigidity to withstand deflection from the inertia and 
centrifugal forces in various directions. Too light a 
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structure may allow serious vibrations even in an en- 
gine that is inherently well balanced, as are six and 
eight-cylinder engines. The cast-iron bedplate shown 
in Fig. 14 is light in weight but very stiff. It is well 
ribbed under each bearing and has rigid bearing caps 
snugly fitted into recesses and held by strong through 
bolts. 

Torsional vibrations are a serious problem to be con- 
sidered whenever a high-speed Diesel engine is coupled 
to a propeller, generator, pump, compressor or any 
other driven unit. Reliable methods of calculating and 
measuring torsional vibrations are available and can 
be successfully applied to avoid critical speeds, so that 
there is no excuse for operating a Diesel-engine instal- 
lation at a speed that synchronizes with the period of 
the shafting. Nevertheless the Diesel-engine crank- 
shaft frequently is the innocent victim of the vibrat- 
ing masses acting through the driven shaft. 

Engine life is another vital problem with high-speed 
light-weight engines. There is no apparent reason why 
an engine of this class should not last many years if it 
is handled with care and if proper overhauls and re- 
newals are made from time to time. Other things be- 
ing equal, wear is a function of the total number of 
revolutions; and it would not be fair to expect from a 
high-speed engine as many hours’ service as from a 
slow-speed engine without spending a little more money 
for upkeep during the same service period. All mod- 
ern engines are designed for the ready replacement of 
such parts as pistons, piston-rings, bearings, liners, 
valves and injection parts, and renewals take but little 
time because of the small size and ease of handling 
of the parts. 





Fic. 14—DETAILS OF DELAVERGNE 9 xX 11-IN. ENGINE 


Vol. xxvii 


Development of the 


Franklin Direct Air-Cooled Engine 


Annual Meeting Paper 


a toe of the design of the various cylinders 
built by the Franklin organization in its develop- 
ment program leading up to the present design are 
discussed in this paper. The relation of waste heat 
to cooling-fin areas and cooling-blast velocities is 
shown and discussed for cylinders up to 3%-in. bore. 

Characteristics of the cooling system, including fan, 
fan housing and air housings, are discussed at length, 
and the authors contend that no more power, if as 
much, will be absorbed in the cooling system as in 
that of the indirect air-cooled engine. Results of 
tests showing the ability of the engine to cool under 
the severest conditions of load and temperature are 
given. 


air-cooled. Yet, as engineers, we are most likely 

to designate the type of cooling by either ‘“‘water- 
cooled” or “air-cooled.” More correctly, we should use 
“indirect air-cooled” for the conventional type, or “di- 
rect air-cooled” when referring to engines cooled with- 
out an added medium. To this latter class the Franklin 
engine belongs. 

In the past the direct air-cooled engine was handi- 
capped by the fact that the power output was limited 
by inability to cool the cylinder properly. Consequently 
it was assured that, if a cylinder which had satis- 
factory heat-dissipating characteristics were developed, 
a power output comparable with that of the indirect 
air-cooled type of cylinder would be obtained. This 
paper deals with the development of a cylinder capable 
of delivering power output and of dissipating waste 
heat as well as, if not better than, the indirect or water- 
cooled type. 


; QUNDAMENTALLY, all automotive engines are 


Experimental Cylinders 


Fig. 1 shows the conventional cylinder as used on 
Franklin engines up to the introduction of the present 
type of side-draft cooling. This cylinder has a cast- 
iron barrel with fins cast in place on the first engines 
and arc-welded in place on later engines. Prior to 1925 
the cooling fins were of steel. However, in that year 
a foundry method was devised for satisfactorily casting- 
in copper fins. This type of cylinder, of 3%4-in. bore 
and 434-in. stroke, used 114 fins each 0.05 in. thick, 
this thickness and fin number having been found to 
dissipate the greatest quantity of heat with a given 
air-flow. The path of the cooling air, as indicated by 
arrows in the drawing, is first directed by air deflectors 
onto the head and then down the fin cells. 

With this design the cylinder-head lacked sufficient 
cooling area to dissipate any great quantity of heat 


1 M.S.A.E.—Chief engineer, H. H. Franklin Mfg. Co., Syracuse, 
N. Y 


2M.S.A.E.—Research engineer, H. H. Franklin Mfg. Co., Syra- 
cuse, N. Y. 


By E. S. Marks’ and C. T. Doman’ 


Since the quietness of any engine is dependent 
upon constant valve-clearances, the authors describe in 
detail the method followed in the Franklin design to 
maintain at less than 0.003 in. any variation in clear- 
ance. A careful analysis is made for each part in the 
valve-gear mechanism that is affected by expansion. 

Power curves of earlier engines built by the com- 
pany are compared with the present-production power- 
plant. Without a change in piston displacement, the 
brake horsepower at 3500 r.p.m. has been increased 
by 76 per cent. This increase has resulted from (a) 
better cooling characteristics of the cylinder, (b) in- 
creased valve area, (c) decreased absorption of power 
by the fan and (d) increased compression-ratio. 


without resorting to high head-temperatures. High 
head-temperatures resulted, however, in excessive ex- 
haust-valve and _ exhaust-valve-guide temperatures. 
Temperatures of 800 deg. fahr., measured in the bridge 
between the valves, were not uncommon under con- 
tinuous wide-open-rthrottle operation. Furthermore, 
even had it been possible to cool the cylinder, the 
breathing capacity of the engine was limited by the 
valve sizes. Since the total of the diameters of the 
two valves plus the bridge thickness could not be 
greater than the cylinder bore, small valves were a 
necessity. Consequently, the conclusion was reached 
that an entirely new design, combining increased cool- 
ing ability with increased valve sizes, was necessary. 

The first step in this development program is shown 
in Fig. 2. This cylinder was built with a detachable 
aluminum head which carried a large exhaust-valve. 
The cylinder barrel carried the intake valve. Studying 
this figure carefully, one can see the difficulties that 
might and, in fact, did arise. The cooling blast was 
directed to the various cylinders only by using a com- 
plicated system of deflectors, and then passed into the 
copper-fin cells on the barrel by a series of contortions. 
This tortuous air-path resulted in a system of very 
high resistance which severely lowered the fan effi- 
ciency. The whole story of this engine was one of 
grief. Cylinder-head gaskets could not be kept tight; 
valve clearances varied from 0.005 to 0.050 in.; the 
cylinder barrel around the intake valve became hot and 
distorted; and the cooling fan required excessive power 
to push the necessary air-flow through the restricted 
passage. Yet, with all these disappointments, the en- 
gine showed that increased power could be obtained 
by increased valve areas. Furthermore, had we then 
had the foresight to use a side-blast type of cooling, 
this engine would without doubt have shown remarkable 
performance. Experiments were continued with it for 
a time but were later abandoned for the cylinder type 
shown in Fig. 3. 


The design in Fig. 3 followed former Franklin prac- 
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tice in a general way except that the cylinder-head was 
removable, carried valves of generous size and was 
literally covered with cast-in copper fins. Power tests 
showed exceptionally high output until the fan drive 
was taken into account. Again the high resistance of 
the air passage resulted in excessive power absorption 
by the fan. The results therefore indicated that the 
successful design must incorporate not only increased 
cooling ability and increased valve areas but a third 











Fig. 1— Conventional Down-Draft Fig. 2—Experimental Cylinder with 
Detachable Aluminum Head, Which 
Was the First Step in the New Pro- 
The Vertical Cooling-Fins Were of gram. The Tortuous Path 
Steel until 1925, When Cast-in Cop- Cooling Blast Caused Many Troubles 


Cylinder Used from 1909 up to In- 
troduction of Side-Draft Cooling. 


per Fins Were Introduced 


Fig. 4—First Side-Blast Design De- 
parting Greatly from Earlier Designs 
movable Cast-Iron Head and Large- but Returning to Horizontal Fins 
Used on Earliest Franklin Engines. 
Experience with This All-Cast-Iron 
Cylinder Led to the All-Aluminum 
Cylinder Having a Shrunk-in Cast- 


Fig. 3—Side-Blast Cylinder with Re- 


Sized Valves. This Developed High 
Power-Output Except for Excessive 
Power-Consumption by the Fan, 
Showing the Need for a Low-Resist- 


ance Air Circuit Iron Liner 


STEPS IN DEVELOPMENT OF THE NEW FRANKLIN AIR-COOLED CYLINDER 


factor; that is, an air circuit of low resistance. These 
conclusions led to the design shown in Fig. 4. 
This design is seen to depart greatly from those 
already discussed, yet the horizontal cooling fins were 
used on the company’s earliest engines and later aban- 
doned for the radial or vertical type of fin. This was 
an all-cast-iron cylinder. The valves were arranged at 
45 deg. to the longitudinal axis of the engine and were 
of necessity small. Continuous-load tests showed this 
engine to have low power-output and that the cylinder 
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was not capable of dissipating sufficient heat. Troubles 
were experienced from hot-spots and sticking pistons. 
The experience with this cylinder led to the decision 
to try an all-aluminum cylinder having a shrunk-in cast- 
iron liner, which is shown in Fig. 5. 

This cylinder cooled very satisfactorily and demon- 
strated that cast iron must be eliminated as a cylinder- 
head material for a high-capacity engine and that alum- 
inum held most promise. The power output, however, 
was very disappointing. This condition was 
again traced to insufficient valve area and to 
excessive power-absorption by the cooling fan. 
Therefore we decided to build a cylinder hav- 
ing a detachable head combined with a cast- 
iron barrel. Such a design is illustrated in 
Fig. 6. 

An aluminum head well covered with cool- 
ing fins and incorporating very generous-sized 
valves characterized this design. The valve 
seats were of aluminum bronze with a 0.003-in. 
shrink fit. The head was bolted to the cylinder 
barrel with six bolts pressing against a copper- 
asbestos gasket. Cooling air was directed to 
the exhaust port, then to the intake port and 
intake manifold. The valve-gear box was 
bolted directly to the upper surface of the 
cylinder-head in much the same way as in the 
conventional Franklin construction shown 
in Fig. 1. 

Initial tests of this engine were dis- 
couraging as regards power output, yet they 
demonstrated that the cylinder cooled beau- 
tifully and that the joint between the cylinder- 
head and the barrel was a practical construc- 
tion. Investigation showed that the low power 
of the engine was due to excessive power- 
consumption by the fan, low compression- 
ratio and overheating of the intake gases. 

A careful study of cylinder temperatures 
promptly showed that the fan was delivering 
an excess quantity of air, since the engine 
temperatures were too low. Consequently, a 
new fan was designed which consumed 8.5 hp. 
at 3000 r.p.m. as against 19.7 hp. and resulted 
in cylinder-head temperatures well below 600 
deg. fahr. The compression ratio was raised 
from 4.7 to 5.1:1, as absolutely no detonation 
was audible at any speed. The final investiga- 
tion in the power study demonstrated imme- 
diately that the valve ports required reversing. 
Under continuous heavy load the cylinder- 
head absorbed a great quantity of heat, which 
flowed out into the intake manifold and thus 
excessively increased the gas temperatures. 
We found that, after a wide-open-throttle run 
at 2500 r.p.m. and then slowing down to 1000 
r.p.m., the intake-gas temperatures would 
reach as high as 300 deg. fahr. With this in 
mind, the cylinder was next built as shown in Fig. 7, 
realizing that we were gambling with our ability to 
cool the exhaust valves properly. 

The intake manifold in this design was removed ab- 
solutely from the airstream. However, the blast from 
the fan first struck the intake ports and then impinged 
on the hot exhaust-ports. The cylinder-head was again 
fastened to the barrel by six bolts, but the bolts were 
extended down through the barrel fins, with the nuts 
resting on a heavy boss. This construction was followed 
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because a detachable head that would not necessitate 
removal of the cylinder barrel was desired. Also, it left 
space at the top of the cylinder barrel for two extra 
cooling fins. Initial tests of this design showed the 
power output to be beyond expectations. Cylinder tem- 
peratures were low, yet two very discouraging features 
became evident: The valves were noisy because of ex- 
cessive change of clearance, and the cylinder barrels 
persistently cracked just beneath the lower fin. After 
many attempts to eliminate the cracking, we decided to 
revert to the bolting method of Fig. 6, which had proved 
satisfactory. 


Maintenance of Constant Valve-Clearance 


The problem of maintaining constant valve-clearance 
was the most trying of any encountered during the de- 
velopment program. Thirty-four distinct steps were 
made before the final solution was obtained. Each step 
was particularly analyzed as to result, and with the 
fund of information thus accumulated it is now possible 
to calculate quite accurately the probable characteristics 
of an experimental valve-gear. 

Early in this study we found that no particular effort 
was required to maintain constant valve-clearance on 
either valve alone, but when an attempt was made to 
compensate both valves together for all conditions of 


ioad and speed, serious difficulties arose. When the 
valve-gear was designed to 

maintain constant  intake- , 

valve clearance, the exhaust- ae — 
valve clearance would decrease 7 


as much as 0.020 in. On the ; 
other hand, when the exhaust- t- |}— Inlet 
valve clearance remained con- = 


TA. 

ji 

4 
TT! 


stant, the intake clearance J = 
would increase by 0.025 in. ——J = 
Either of these two conditions Lt |= 
was, of course, inadmissible. Ot SF 
Analyzing the various effects | R si 


in the valve-gear set-up we 
had the following: AA 
Increase of cylinder tempera- 
tures due to load, as a result of 
which the 
(1) Exhaust-valve stem _in- 
creased in length a max- 
imum of 0.020 in. 
(2) Intake-valve stem increased = frhwsi(— x4 
in length a maximum of w W 
0.004 in. 
(3) Exhaust-valve-stem expan- 
sion depended on inten- 
sity of flame, characteris- 
tics of valve guide and 
valve-guide boss, valve- 
stem length, heat conduc- 
tivity of valve-seat and 
temperature of head met- 
al backing up the seat, 








(5) Push rods elongated by 0.005 in., which equals 
0.010 in. at the valve-stem. 

(6) Cylinder assembly expanded vertically 0.030 in.; 
the barrel expanding 0.010 in. and the cylinder- 
head 0.020 in. 


(7) Push-rod tubes increased in diameter by 0.007 in. 
and tended to offset partly the push-rod ex- 
pansion. 

(8) Distortion in valve-gear-mechanism parts repre- 
sented an equivalent increasé in clearance at 
the valve-stems of 0.009 in. 


When each of the foregoing characteristics is studied, 
it is seen that constant valve-clearances in an air-cooled 
engine are to be obtained only after consideration for 
every effect. 

The final solution consisted in mounting the valve- 
gear box on two studs marked A and B in Fig. 9. These 
studs are extensions of two of the bolts used for fasten- 
ing the cylinder-head to the barrel. A third stud, C, 
which is a compensating stud, is the most important 
item in the design. It is screwed into the cylinder-head 
and rests on a shoulder that is level with the exhaust- 
valve seat. As the exhaust valve expands with increased 
temperature, it rises vertically and would take up all 
tappet clearance and remain open if it were not for the 
compensating stud, which rises vertically because of 
expansion of the length of aluminum beneath it. This 
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valve seat, proportioning 
of metal in the valve 
head and, finally, expan- 
sion characteristics of the 
material. 

(4) Intake-valve expansion de- 
pended on all items listed 
in (3) but to a less ex- 
tent. 


torily but the Fan Absorbed Too Much Power, 
and a Return to the Detachable Head Was 
Decided upon 


Fig. 7—Design with Gas Inlet on Air-Blast 

Side and Airstream Directed First against 

the Intake Port and Then against the Exhaust 

Port. Note Long Hold-Down Bolts for Alumi- 
num Cylinder-Head 


Showed That Low Output Was Due to Power 
Consumption by the Fan, Low Compression- 
Ratio and Overheating of Intake Gases 


Fig. 8—This Design Is Similar to That in 
Fig. 7 but Shows a Reversion to the Short 
Hold-Down Studs as in Fig. 6 to Prevent 
Cracking of the, Cylinder Barrels Directly 
beneath the Lowest Cooling-Fin 


FURTHER SUCCESSIVE DESIGNS LEADING UP TO THE PRESENT EFFICIENT CYLINDER 
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vertical movement rocks the fulcrum of the exhaust- 
valve walking-beam and thus maintains nearly constant 
clearance at the valve. Table 1 gives actual valve-clear- 
ances aS measured on an engine and which represent 


normal performance. j 


General Construction of Present Engine 


Essentially, the cylinder construction shown in Figs. 
8 and 9 and the valve-clearance-compensation idea just 
discussed are now used in the production engine shown 
in Fig. 10. This engine has six cylinders of 3'%-in. 












































Fic. 9—FINAL DESIGN OF CYLINDER USED IN PRESENT EN- 
GINE, WITH TEMPERATURES AT VARIOUS LOCATIONS 


The Most Difficult Problem of Maintaining Constant Valve-Clear 
ance Was Solved by Mounting the Valve-Gear Box on Two Studs, 
A and B, Which Are Extensions of Two Cylinder-Hold-Down 
Bolts, and Incorporating a Compensating Stud, C. The Latter Is 
Screwed into the Cylinder-Head and Rests on a Shoulder Leve 
with the Exhaust Valve. As the Exhaust Valve Expands with 
Heat, Stud C Is Raised by Expansion of the Aluminum of the 
Cylinder-Head beneath It. This Vertical Movement Rocks the 
Fulcrum of the Exhaust-Valve Walking-Beam, thus Maintaining 
Nearly Constant Clearance at the Valve 


TABLE 1—AVERAGE VALVE-CLEARANCES IN PRESENT DESIGN 
UNDER NORMAL OPERATION 


Exhaust Intake 


Valve, Valve, 

In. In. 

Engine Idling, 200 R.P.M 0.006 0.003 
20 M.P.H., Level-Road Load 0.007 0.004 
40 M.P.H., Level-Road Load 0.007 0.003 
60 M.P.H., Level-Road Load 0.006 0.003 
70 M.P.H., Full Load 0.004 0.002 








bore and 4%4-in. stroke. It has a compression ratio of 
5.3:1, although this does not by any means represent 
the maximum possible. The construction below the 
lower cylinder-flange follows normal practice. Cooling 
air is supplied by a 15-in. centrifugal blower mounted 
on the crankshaft. This air is directed to the various 
cylinders by a duct along the left side of the engine. 
The air leaving the cylinder is directed downward by 
another duct or housing so that no heat dissipated 
by the cooling system can enter the interior of the car. 


Characteristics of the Production Cylinder 


The cylinder-head is cast of Y alloy, either in a sand 
mold or a permanent mold, as this metal is the only 
material we have found that will long withstand con- 
tinuous full-load operation and maintain tight gaskets 
and good conductivity between the valve seats and the 
cylinder-head proper. It also assures absolute tightness 
of the studs threaded into the head. Loose studs are 
very common with inferior materials. 

Each cylinder-head has a total radiating area of 494.8 
sq. in. This represents 7.22 sq. in. per cu. in. of piston 
displacement and 34.1 sq. in. per b-hp. output. Exten- 
sive investigations have shown that these relations are 
best suited for cylinders up to 34-in. bore in which a 
temperature of 500 deg. fahr. is the maximum. This 
figure of maximum temperature is taken between the 
valves and is measured by a thermocouple 1/32 in. 
from the inner combustion-chamber surface. No doubt 
a temperature higher than 500 deg. fahr. could be per- 
mitted, but we feel that this is absolutely safe practice 
for aluminum-alloy heads. In this connection it may 
be of interest to mention that our maximum cylinder- 
head temperatures were lowered 50 deg. fahr. simply 
by bringing the exhaust and intake ports together by a 
metal thickness of % in. Although, offhand, this 
looks like a small change, it alone did the most to 
equalize temperatures throughout the head. 

The cylinder barrel is of a good grade of cylinder 
iron alloyed with 1 per cent of nickel. It represents no 
unusual foundry practice except that extra precaution 
is taken to remove all flash from between the fins. The 
fins are cast on *%-in. centers and are rather deep. 
Each cylinder barrel has a total radiating area of 590 
sq. in., or 8.6 sq. in. per cu. in. of piston displacement. 
Various cylinder barrels have been developed that com- 
bine cast iron with welded-copper fins, aluminum with 
ordinary cast-iron liners and aluminum with liners of 
high nickel-content. However, we have yet to see a 
cylinder that in all respects is an equal of the cast- 
iron barrel just discussed. 


Cooling-System Construction and Performance 


Next to the cylinder construction, the cooling system 
deserves most consideration. By cooling system is 
meant the cooling fan, the fan housing and the air 
ducts. In previous air-cooled engines the fan has always 
been a sore subject. It gloried in absorbing a large pro- 
portion of the power output. We feel, however, that 
this is past history in view of the performance of the 
present fan. This absorbs 4.2 hp. at 3000 r.p.m. and 
delivers 3920 cu. ft. of air per minute against a static 
head of 4 in. of water. This represents an air efficiency 
of 56.2 per cent, which is admittedly high. At 3500 
r.p.m. the fan absorbs 6.7 hp. with a proportional in- 
crease in air delivered. These figures for power absorp- 
tion represent the total power taken up in cooling the 
engine. We believe that this is as low as, if not lower 
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than, the power absorbed by fan and 
water pump on indirect air-cooled, or, 
as generally designated, water-cooled, 
engines of equal piston displacement. 

Discussion of the characteristics of 
the centrifugal type of fan used may 
be desirable here, since automotive 
engineers are perhaps better ac- 
quainted with the propeller type. In 
general, three types of blade are used 
in centrifugal fans. They are straight, 
forward curved or backward curved, 
depending upon the limitation of de- 
sign. For a given diameter of fan, 
the forward-curved blade will give the 
most pressure, as shown in Fig. 11. 
Any centrifugal fan has two distinct 
sources of pressure: first, centrifugal 
force resulting from rotation of the 
air within the fan; and, second, ki- 
netic energy imparted to the air by 
its velocity on leaving the periphery 
of the fan. Before the kinetic energy 
of the air is serviceable, it must first 
be converted into potential energy in 
the form of static pressure. This is 
the duty of the fan housing, or scroll, 
as it is sometimes designated. 

The resultant line P in each of the 
diagrams A, B, and C in Fig. 11 rep- 
resents the actual velocity of the air 
as referred to the fat housing. The F's. 
present production engine uses the 
backward-curved blade as shown in 
B. This fan is found to be much more efficient than 
those having either of the other blade types. The for- 
ward-curved type was used on the 1930 engine. It 


TABLE 2—COMPARISON OF PERFORMANCE OF 1930 AND 1931 
FANS 
1930 Fan, 12-In. Outside 1931 Fan, 15-In. Outside 
Diameter, Forward-Curved Diameter, Backward-Curved 
Blades Blades 
Power Air Deliv- Power Air Deliv- 
Absorp- ered per Absorp- ered per 
Speed, tion, Minute, Speed, tion, Minute, 
R.P.M. Hp. Cu. Ft. R.P.M. Hp. Cu. Ft. 
1,000 0.32 1,230 1,000 0.15 1,310 
1,500 1.10 1,850 1,500 0.52 1,960 
2,000 2.50 2,460 2,000 1.24 2,620 
2,500 4.80 3,080 2,500 2.36 3,270 
3,000 8.50 3,700 3,000 4.20 3,920 
3,500 14.50 4,320 3,500 6.70 4,580 





A- Straight Blade 
Fic. 11- 


BLADE FORMATION OF CENTRIFUGAL 


B-Backward-Curved Blade 


COOLING-FANS AND CORRESPONDING 


18] 


a 





10—RIGHT AND LEFT SIDES OF 1931 FRANKLIN DIRECT-CoOLED ENGINE 
EMBODYING CYLINDER CONSTRUCTION SHOWN IN FIGs. 8 AND 9 


had a diameter of 12 in. and 55 blades, whereas the 
present fan is 15 in. in diameter and has but 32 blades. 
The first experimental fans having backward-curved 
blades had 66 blades, but blades were removed step 
by step until 32 was arrived at as the most practical 
number. Fans having only 12 blades were built and 
found to have the same efficiency as the fan with the 
number selected. We felt, however, that such a fan 
would lack sufficient rigidity to withstand speeds which 
at times might exceed 4200 r.p.m. Table 2 compares 
the performance of the present fan with that used on 
the 1930 engine, and Fig. 12 shows the 1931 fan beside 
last year’s fan. 

The design of the air housing is fully as important 
as that of the fan itself. No laws can be stated for a 
most efficient shape, and if there were definite laws they 
could not be used, because of chassis limitations. The 
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C - Forward-Curved Blade 


AIR VELOCITIES DELIVERED TO FAN 


HouSING 


The Fan Having 


3ackward-Curved Blades (B) Is Much More Efficient than the Other Two Types and Is Used in the 1931 Engine. 


Kinetic Energy in the Air Leaving the Fan Is Converted in the Fan Housing into Potential Energy in the Form of Static Pressure, P 


in the Diagram 
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Right of Each Fan 
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Fic. 12—COMPARISON OF FANS USED IN THE 1931 AND THE 
1930 ENGINES 
(Left) The 1931 Fan, Having Backward-Curved Blades, Is 15 In 
in Diameter and Has 32 Blades. (Right) The 1930 Fan, Having 
Forward-Curved Blades, Is 12 In. in Diameter and Has 55 Blades 
Table 2 Compares the Power Absorption and Air Delivery of the 
Two Fans at Different Speeds 


performance of even the high-efficiency fan could be 
substantially bettered if it were possible to make the 
housing 1 in. deeper. However, outward appearance of 
our automobiles is very important in these days. 


Heat Balance as Related to Design 


The quantity of cooling air necessary to cool an 
engine sufficiently depends upon various design-factors, 
and these are variable and complicate any preliminary 
computations. Nevertheless, we have collected data 
through the development of these various engines to 
enable us to calculate the performance quite accurately 
before the engine is built. In these calculations we gen- 
erally assume that the cylinder must be capable of dis- 
sipating 35 per cent of the total energy contained i 
the fuel, because we have measured the actual heat- 
balance on certain engines and found, for example, that 
an engine operated at 3000 r.p.m. gave the following 
results: 


Per Cent 
Heat Equivalent in Useful Work 25 
Heat Loss through Exhaust 37 
Heat Loss through Cooling System 35 
Unaccounted for 3 


Total 100 








Of course, once an engine is on the dynamometer, 
it is easy to check our design figures and, if necessary, 
to change the cooling system to give the desired results. 
For example, if 500 deg. fahr. is the maximum allow- 
able temperature for valve-bridge metal and 400 deg. 
fahr. is the maximum on the cylinder-wall, the simplest 
method usually is to alter the fan blade until the air- 
flow is correct for these temperature conditions. If the 
cylinder has insufficient cooling-area, to attempt to 
cool it by excess air-flow is very poor practice. Excess 
air-flow means that excessive power will be absorbed by 
the fan and usually that the fan will be much too large 
for use in a chassis. Furthermore, the heat removed 
does not vary directly with the air velocity. We find 
that if we plot a curve of heat dissipated per unit area 
against air velocity, the resulting curve is very similar 
to the magnetization curve for iron; that is, the curve 
rises quite rapidly and then flattens off quite suddenly. 
The best practice is to work below the “knee” of the 
curve. 
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Uniformity of Cylinder Temperatures 


One other factor that enters into this air-flow sub- 
ject is the distribution of the air to give equal cylinder 
temperatures. A poor engine results if five cylinders 
are adequately cooled while the remaining one is under- 
cooled. It is much better to raise all temperatures 
slightly and have the cylinders cooled equally. To 
assure this condition, our usual practice is to place four 
thermocouples in each cylinder barrel and at least three 
couples in each cylinder-head. The air housings are 
then altered until comparative locations show tempera- 
ture differences of not more than 20 deg. fahr. Ref- 
erence to Fig. 13 will show the air-housing construc- 
tion. No deflectors are used, correct distribution of the 
air resulting from the shape of the side of the housing. 
How effective this method of air distribution has proved 
is shown by the following temperature figures taken at 
an engine speed of 3000 r.p.m. 


Head Temperature between Valves, Deg. Fahr. 
Cylinder 
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 


500 510 508 510 190 490 
Cylinder-Wall Temperature, Deg. Fahr. 
Cylinder 
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 
380 400 395 400 390 391 


We do not want to convey the impression that equal 
air-distribution is essential, for usually, when cylinder 
temperatures are equal, the air distribution is far from 
equal. We have suffered some very disastrous results 
on new experimental engines where time was not taken 
to install thermocouples. Instead, air-flow was adjusted 
to give equal pitot-tube readings on all cylinders. When 
the engine was heavily loaded, certain cylinders froze, 
because of incorrect cooling. 


Combustion-Chamber Characteristics 


Very little work has. been done to improve the 
shape of the combustion-chamber, since freedom from 
detonation has been very pleasing. However, experi- 
ments with four spark-plugs in each head have con- 
clusively demonstrated that a spark-plug underneath the 
exhaust valve showed slight improvement in power. 
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Fig. 13—AIR HOUSING AND AIR DISTRIBUTION TO THE SIX 
CYLINDERS 

No Deflectors Are Used, the Cooling Air Being Distributed to the 

Successive Cylinders in Correct Volume and Velocity To Maintain 

Uniform Cooling as a Result of the Shape of the Side Housing 





DEVELOPMENT OF THE FRANKLIN DIRECT AIR-COOLED ENGINE 





Incidentally, as much power was obtained with one 
spark-plug as with any combination up to four plugs. 
Our experience has been that, where more than one 
plug is necessary, the designer should know conclu- 
sively that one plug is poorly located. 

With regard to compression ratio, one of our test 
cars was driven from Colorado Springs, Col., back to 
the factory in Syracuse, N. Y., with the same com- 
pression-ratio as was used in the Pike’s Peak tests. 
This car had an 8.5:1 ratio and worked very satisfac- 
torily with regular ethyl] gasoline as bought at roadside 
filling stations. Although we do not recommend such 
a ratio, this shows that the combustion-chamber is good 
as regards detonation characteristics. 


Performance of the Present Engine 


Fig. 14 shows the output of the present engine as 
compared with the earlier construction shown in Fig. 1. 
Both engines have cylinders of 34%-in. bore and 4%4-in. 
stroke and were tested in exactly the same way. The 
curves reveal that the present engine develops a con- 
tinuous brake-horsepower of 87, whereas the earlier 
powerplant developed 67 b. hp. However, the increase 
in peak power is perhaps not as interesting as the 
power at 3500 r.p.m. Here the output is increased 
from 48.25 to 85 hp., which represents a gain of approxi- 
mately 76 per cent without a change in piston displace- 
nent. This increase in output results from: 


(1) Better cooling characteristics of the cylinder 
(2) Increased valve-areas 

(3) Decrease in power absorbed by the fan 

(4) Increased compression-ratio 


To evaluate the effect of each change is rather diffi- 
cult, as the changes are more or less interrelated. How- 
ever, we are primarily interested in the final result; 
that is, the highest possible output from a practical 
engine, one that will withstand abuse and continue to 
perform day in and day out without constant adjusting. 

Our experimental department has subjected this side- 
draft engine to all sorts of gruelling tests. One engine 
completed a 500-hr. test at 2000 r.p.m., full throttle, 
in a dynamometer with air entering the fan at 110 
deg. fahr. When torn down for inspection, the engine 
was found to be in excellent condition; the exhaust 
valves were black, showing excellent cooling; and the 
valves were tight and capable of many more hours of 
operation before regrinding would be necessary. An- 
other engine was operated in the dynamometer room 
with four other engines as heat generators. Steam 
was turned on in the radiators to make the room 
literally an oven. Yet this engine completed a 4-hr. 
run at 3000 r.p.m., full throttle, with the room tempera- 
ture and the air entering the engine fan at 165 deg. 
fahr. It would have continued to run longer if the auto- 
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F1G. 14—POWER CURVES OF PRESENT SERIES-15 ENGINE AND 
SERIES-135 ENGINE 


The Upper Two Curves Show the Brake-Horsepower Output Taken 
under Identical Conditions with Cooling Fan, Generator, Air- 
Cleaner and Muffler Connected and with Automatic Spark-Ad- 
vance. The Lower Two Curves Show the Total Engine Resistance, 
Including Pumping Losses and Power Absorbed by the Fan. 
Both Engines Operated on Sunoco Blue Gas. Both Engines Have 
3% x 4%-In. Cylinders and 274-Cu. In. Piston Displacement. 
The Compression Ratio of Series 135 Is 4.69:1 and That of Series 
15 Is 5.30:1 


2.500 3000s 3 


matic sprinkler had not opened, flooding the dynamom- 
eter room and stopping the engine. This engine, 
when torn down, was found to be in perfect condition 
and was promptly reassembled for further testing. 
Other engines have been installed in 7-ton Army 
tanks, which present the hardest service to which an 
engine can be subjected. The engine in a tank is 
located in the rear and is enclosed literally in a hot- 
box, obtaining its supply of cooling air through a small 
opening in the rear of the tank. It receives no benefit 
of velocity air-pressure caused by the movement of 
the vehicle. In spite of the severity of this service, 


the engine has performed satisfactorily under all con- 
ditions. 


February, 1931 










Torsional-Vibration Dampers 
Annual Meeting Paper 


By J. G. Baker' and J. P. Den Hartog' 


N internal-combustion engines operating over a 

wide speed-range, critical speeds of torsional vibra- 
tion cannot practically be avoided. The ensuing vi- 
brations, if not checked, set up high alternating 
stresses in the shaft which have in numerous cases 
led to fatigue failures, many of these occurring in the 
crankshaft. 

Several devices that successfully limit these stresses 


INCE the vibration phenomena taking place in an 
actual engine with or without dampers are rather 
complicated, studying an idealized machine first 

is found to be advantageous. The system, shown in 
Fig. 1, is made up of two discs a and b mounted rigidly 
on the shaft c, which is fixed at d and free to rotate in 
the bearing e. Suppose that the discs a and b are given 


! Yj F 














e AL 


Fic. 1—AN IDEALIZED SYSTEM FOR STUDYING VIBRATION 
PHENOMENA 
The System Consists of Two Discs a and b That Are Rigidly 
Mounted on the Shaft c, Which Is Fixed at d and Free To Rotate 
in the Bearing e. If the Discs Are Given Small Angular Dis- 
placements in a Clockwise Direction and Released, All Parts of 
the Shaft Will Rotate Back and Forth with the Same Frequency 
and Exactly in Phase, the Distortion of the Shaft at the Instant 
When the Motion Is Reversing Being Represented by the Diagram 
at the Left. If a Is Displaced Clockwise and b Counter-Clock- 
wise and Then Released, the Distortion of the Shaft When the 
Motion Is Reversing Will be Represented by the Diagram at the 
Right 


small angular displacements in a clockwise direction and 
then released. If the ratio of these two initial displace- 
ments is properly chosen, on release all portions of the 
shaft will rotate back and forth with the same fre- 
quency and exactly in phase. At an instant when the 
motion is reversing, the distortion in the shaft is rep- 
resented by the diagram at the left. If a is displaced 
clockwise and b counter-clockwise with the right ratio 


1 Research engineer, Westinghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. 


to safe values during any critical speed have been 
developed. The fundamentals of torsional vibration 
and these stress-limiting devices are discussed in this 
paper. According to the authors, the stresses set up 
during a critical speed can be calculated in advance. 
Tests made on a model in the laboratory are de- 
scribed and the results thus obtained prove the meth- 
ods of calculation to be reliable. 


of displacements and then released, the system will 
again oscillate in a simple harmonic manner but with 
a much higher frequency. The discs in this case will 
always be rotating in opposite directions with respect 
to each other. The distortion of the shaft at the in- 
stant of a reversal in the motion under the latter con- 
dition is represented by the diagram at the right. If 
we choose different ratios between the initial displace- 
ments of a and b than those shown, a combination of 
the two frequencies and a combination of the two con- 
figurations of distortion described will result. Thus we 
see that each mode of vibration has only one frequency. 
In the configuration represented by the curve at the left 
one point f of the shaft does not move during the vibra- 
tion, while that represented by the other curve has 
two such nodes, namely the points g and h. For this 
reason the configuration at the left is called the first 
or fundamental mode of vibration, while that at the 
right is called the second mode. 

Imagine the system to be set vibrating in the funda- 
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F1G. 2—ENERGY RELATIONS IN A TORSIONALLY VIBRATING 
SYSTEM 
When the Energy Supplied per Cycle by the Periodic Movement 
Balances That Dissipated by Damping or Friction, the System 
Will Vibrate with the Amplitude i 
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mental mode and then left to its own resources. The 
vibration will gradually die down since energy is dissi- 
pated in the shaft material, the bearings and other 
parts of the system. The oscillation can be maintained 
by supplying to the system a quantity of energy equal 
to that dissipated. Thus, if a small periodic moment 
is applied to either disc in such a way that it is always 
acting in the direction of rotation of the disc, vibrations 
of a considerable amplitude can be maintained. This 
periodic moment need only be of the same order of 
magnitude as the damping or friction moment. 

Large amplitudes caused by small moments are im- 
possible, except at these natural frequencies. The 
various factors determining the amplitude of the vibra- 
tion at a natural frequency are shown in Fig. 2. The 
curves in this figure show the energy supplied per cycle 
to the system by the periodic moment plotted against 
the amplitude of- vibration, the slope of this curve 
being proportional to the magnitude of the periodic 
moment and the energy dissipated by the damping or 
friction per cycle. The system will evidently vibrate 
with the amplitude 7 at which the two energies balance. 
It momentarily the magnitude is smaller than 7, the 
input energy is greater than the dissipated, so that 
the amplitude will increase. Conversely, if it is larger 
than 7, the excess damping energy will decrease the 





FIG. 


3—A TYPICAL EXAMPLE OF A CRANKSHAFT BROKEN BY 
FATIGUE DUE TO TORSIONAL VIBRATION 


amplitude. By changing either the energy-input curve 
or the damping curve, the balance will occur at a dif- 
ferent amplitude. 

If the fixed end d, Fig. 1, is replaced. by a large fly- 
wheel on the shaft, the situation will not be changed 
appreciably, since the great inertia of the flywheel acts 
much the same as a fixed end. Consider that this sys- 
tem is kept in a steady state of vibration by a small 
periodic moment at the natural frequency, and imagine 
now that the flywheel is rotating at a constant speed. 
That the rotations of the various shaft cross-sections 
with respect to each other will be unchanged is apparent. 
Externally viewed, the discs will appear to rotate with 
uneven angular-speed, but if riding on the flywheel and 
observing the system were possible, the discs would be 
seen to oscillate. 





* Absorber 





* Flywheel Pistons 


Fic. 4—Two DYNAMIC-VIBRATION ABSORBERS AND A SCHE- 
MATIC DIAGRAM REPRESENTING AN ENGINE EQUIPPED WITH 
SUCH AN ABSORBER 


The Simplest Form of Absorber, Which Is Shown at the Left 
Consists of a Flywheel That Is Connected to the Shaft by 
Springs. In Another Form, Which Is Illustrated in the Central 
Drawing, a Mass That Is Attached to a Web of the Crankshaft 
by Springs Constitutes the Absorber. The lffective Inertia of All 
Crank Thows, Pistons and Other Parts of an Engine Mquipped 
with Such an Absorber Has Been Concentrated into a Single 
Inertia Je, While the Effective Crankshaft Flexibility Is Repre- 
sented by Ke. The Effective Moment Due to Gas Pressures and 
Other Causes That Maintains the Vibration Is Denoted by JI la 
Represents the Absorber Mass or Flywheel and the 


Springs Have a Flexibility of IK. 


Absorber 


The crankshaft of a two-cylinder internal-combustion 
engine with a flywheel behaves very much like a sim- 
plified system discussed above. The discs mentioned 
correspond to the inertias of the crank throws, pistons 
and other parts. The lengths of shaft between the discs 
represent the flexibilities of the crankshaft from the 
center of one crank-throw to the center of the next. lor 
example, a two-cylinder two-stroke-cycle guas-engine, 
with two power strokes per revolution, runs at 1000 
r.p.m. Assume the natural frequency of shaft for the 
first mode to be 2000 complete oscillations per minute. 
The engine will then operate at a critical speed. To ob- 
serve the crankshaft, we choose a point of view on the 
flywheel. From this point the crank throws will appear 
to rotate about the axis of the shaft through a small 
angle, first in one direction and then in the other. Just 
as they are both turning counter-clockwise, the explo- 
sion occurs in No. 1 cylinder, resulting in a force tend- 
ing to increase the speed of rotation of the throws. 
Now the throws come to their extreme positions and 
start back. The force of the explosion is now dissipated 
and they move back unimpaired and reverse. Again 
they move counter-clockwise but this time No. 2 cylin- 
der fires and a force is applied to No. 2 crank tending 
to increase the velocity of the cranks. Thus the varia- 
tions in torque due to the changing gas pressures supply 
the necessary energy to maintain the system in a state 
of vibration. 

Such vibrations obviously set up high alternating 
stresses in the shafts, which may be many times greater 
than the load torque stresses. Fatigue failures of crank- 
shafts due to this have occurred frequently. Fig. 3 
shows a typical fracture of this type. Another in- 
teresting example that has recently attracted great 
attention is the failure of the crankshafts in four out 
of the five engines in the Graf Zeppelin, the details 
of which will be discussed later. 


External Evidence of Torsional Vibration 


In the idealized case of a system of circular discs 
on a shaft and a flywheel, large torsional vibrations can 
take place without any reaction whatever on the bear- 
ings if the discs are balanced. On the other hand, if 
the discs are unbalanced, periodic lateral forces will 
be transmitted from the shaft to the bearings, which 


will tend to set up secondary vibrations in other parts 
of the machine. 













































186 S.A.E. JOURNAL 





This latter condition is similar to that existing in an 
actual engine, because although completely balancing a 
multithrow crankshaft as a whole is possible, balancing 
each throw individually is impossible. This accounts 
for the fact that in actual gas or Diesel engines, a 
violent torsional critical speed is observed as a gen- 
eral vibration and noise about the whole machine. 


The Multi-Cylinder Case 


In multi-cylinder engines, the conditions are in prin- 
ciple the same as in the simplified scheme of Fig. 1, 
although they are more complicated. Many critical 
speeds of more or less importance exist at which the 
fundamental-mode vibration, at the fundamental fre- 
quency, can be excited. Many critical speeds at which 
the second mode can be excited also exist, although in 
practice vibrations at the second and higher modes have 
been found to be of less importance. 

By a proper choice of the flexibility of the crank- 
shaft the critical speeds can be sufficiently far removed 
from the running speed in a constant-speed engine. 
However, in: automobile and other variable-speed en- 
gines, obtaining a design without serious critical speeds 
in the running range is practically impossible. 

The longer and more flexible the crankshaft and the 
larger the variations in torque, the more serious tor- 
sional vibration is apt to be. Modern tendencies in 
automobiles are toward these extremes. Engines are 
being built with more cylinders in line and using 
higher compression. The Diesel engine is, of course, 
the best example of the latter tendency. That these 


2See Transactions of the American Society of Mechanical En- 
gimeers, vol. 50, paper APM-50-7 
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Fic. 5—Trest RESULTS OBTAINED ON A LABORATORY MODEL 
OF A DYNAMIC-VIBRATION-ABSORBER SYSTEM 


While the Attachment of the Absorber Practically Eliminated a 

Very Violent Critical Speed That the Model Originally Had at 

750 R.P.M., Critical Vibrations at 670 and 825 R.P.M. Were In- 

troduced, Thus Proving Conclusively That a Simple Dynamic- 

Vibration Absorber Does Not Improve Conditions When Applied 
to a Variable-Speed Engine 
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FIG. 6—LANCHESTER DAMPER (LEFT) AND TWO VELOCITY- 
TIME DIAGRAMS (RIGHT) 


The Function of This Device Is To Decrease the Amplitude of 
Vibration by Introducing an Additional Energy-Dissipation into 
the System In the Upper of the Two Velocity-Time Diagrams, 
the Damper Flywheels Were Slipping Continuously with Respect 
to the Crankshaft While in the Lower the Flywheels Slipped Part 
of the Time and Were Solid on the Crankshaft during the 


Remainder of the Cycle Due to the Pressure Bolts Being Rather 
Tight 


tendencies increase the importance of introducing means 
for limiting the amount of distortion in the crankshaft 
during a torsional critical-speed is evident. 


Dynamic-Vibration Absorber 


A torsional vibration in a constant-speed machine 
can be eliminated by the application of a dynamic-vibra- 
tion absorber. The simplest form consists of a flywheel 
connected to the shaft with springs as indicated at the 
left in Fig. 4. In another form of construction it 
appears aS a mass attached to a web of the crankshaft 
with springs as shoWn in the center. The absorber 
mass is restrained from angular movement with re- 
spect to the crankshaft only by the springs. A scheme 
approximately representing the engine with such an 
absorber is illustrated at the right. 

The effective inertia of all throws, pistons and other 
parts has been concentrated into a single inertia, J, 
while the effective crankshaft flexibility is represented 
by Ke. The effective moment M, due to gas pressures 
and similar causes maintaining the vibration, operates 
on I... The absorber mass or flywheel is Jg, and the 
absorber springs have a flexibility Ky. For the device to 
be operative, the absorber mass and springs must be 
chosen so that the absorber by itself has the same 
natural frequency as the frequency » of the disturbing 
moment, or 

= ¥ (Ka/Ta) (1) 
When this is the case, the flywheel J, practically will 
not vibrate and the amplitude of vibration of J, will 
adjust itself to such a value that the moment exerted 
on J, by the absorber spring K, will be equal and op- 
posite to the disturbing moment’. 

When the frequency of the disturbing force and con- 
sequently the speed of the engine is kept constant, an 
absorber that will operate very successfully can be 
constructed. Although the vibration is eliminated at 
exactly the speed for which the absorber is designed, 
two new critical speeds, one above and one below the 
original critical speed that was removed, are created by 
the introduction of the absorber. 

Fig. 5 shows some experimental results obtained on 
a laboratory model of a system resembling that of Fig. 
4. The model originally had a very violent critical speed 
at 750 r.p.m. Attaching the absorber decreased the 
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vibration at 750 r.p.m. to practically nothing, but in- 
stead critical vibrations appeared at 670 and at 825 
r.p.m. This test shows conclusively that a simple 
dynamic absorber does not improve conditions when 
applied to a variable-speed engine. 


The Lanchester Damper 


Referring to the curves in Fig. 2, the amplitude of 
vibration will be diminished by the introduction of addi- 
tional energy-dissipation into the system, which is the 
function of the Lanchester damper, illustrated at the 
left of Fig. 6. The device consists of two flywheels j, 
which are mounted on the crankshaft k so that they 
can rotate freely. Pressure bolts and springs / press 
the flywheels against the disc m that is rigidly attached 
to the shaft. For better operation some brake-lining or 
other friction material is inserted between j and m. 
The damper is placed on the crankshaft at the location 
where the maximum motion due to torsional vibration 
is expected, which, in the case of an automobile engine, 
is at the front. 

At or near a torsional critical-speed the shaft k will 
vibrate torsionally as explained before. The inertia 
of the flywheels 7 tends to prevent them from following 
these vibrations. The energy dissipated in the damper 
is proportional to the product of the friction torque and 
the relative motion between the flywheels and the shaft. 
Therefore no energy dissipation takes place when the 
damper is either loose or very tight, for in the former 
case no torque is present and in the latter no relative 
motion. To know what intermediate friction gives the 
maximum energy-absorption, the action of the damper 
must be considered in more detail. 

At the right of Fig. 6 are plotted the velocity-time 
relations of the shaft and of the damper flywheels. The 
shaft velocity is represented by an approximately 
sinusoidal curve. While the flywheels are slipping, the 
frictional torque acting on them is constant, assuming 


8 See Transactions of the American Society of Mechanical En- 








gineers, vol. 52, paper APM-52-13, p. 136 
4See Transactions of the eewos — of Mechanical En- 
gineers, vol. 52, paper APM-5 3, D. 
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Fic. 7—ENERGY ABSORBED IN THE DAMPER PLOTTED AGAINST 


FRICTION TORQUE FOR A GIVEN SHAFT VIBRATION 
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FIG. 8—RESONANT AMPLITUDE PLOTTED AGAINST FRICTION 
TORQUE 


that the friction is independent of the velocity which 
has been found by experiment to be the case*. Con- 
sequently the angular acceleration is constant so that 
the velocity curve must be a straight line, having a 
slope that is proportional to the friction torque. For 
rather small values of the torque we have the condition 
shown in the upper curve where the flywheels are 
slipping continuously with respect to the shaft. When 
the pressure bolts are rather tight, the flywheel velocity 
curve becomes steep and the condition shown in the 
lower curve, where the flywheels slip part of the time 
and are solid on the shaft during the remainder, occurs. 
In the latter curve, between the points ” and o, the 
forward velocity of the shaft is greater than that of the 
flywheel so that the flywheel is accelerated forward. At 
the point o, the velocities are equal and they remain 
so until the point p where the downward slope or ac- 
celeration of the shaft becomes sufficient to break the 
flywheel loose. 

A mathematical analysis‘ of the conditions repre- 
sented by these curves enables us to arrive at the re- 
sult pictured in Fig. 7, where the energy dissipated per 
cycle E is plotted in effect against the friction torque T 
for a given shaft vibration. Quantitatively the ordi- 
nates are not EF but rather E divided by the constant 
Ia’ w*, where 


a = amplitude of vibration of shaft in radians 
I = moment of inertia of damper flywheels 
w — 27 times the number of vibrations per second 


Similarly the abscisse are not T but rather T divided 
by the constant Ja’w*. This has the advantage that 
the diagram holds for all sizes of damper, all frequencies 
and all amplitudes of vibration. 

Equating the input energy to the energy dissipated 
in the damper, the amplitude of vibration can be cal- 
culated with the result shown in the full-line curve of 
Fig. 8. Since in this case no damping due to internal 
friction, or hysteresis, in the shaft is considered, the 
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result is somewhat academic. In the dot and dash curve 
both the shaft hysteresis and the damper loss have been 
taken into account, representing a real case. Again 
the diagram does not show merely the amplitude of 
vibration as a function of the friction torque but rather 
these quantities multiplied by certain constants so as 
to make the diagram applicable to all types of damper. 
All letters used have been defined except T; max which is 
the maximum value of the input torque. For any par- 
ticular engine, its value can be calculated by methods 
described in a paper by F. M. Lewis’. Fig. 8 shows 
clearly that for no friction or for large friction the 
damper fails to work. It also shows that the most ad- 
vantageous friction torque has the relation which is 
given in Equation 2. 


Z 117; (2) 
at which torque the amplitude of vibration is 
o 2.5 (Ti m w") (3) 
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MopeL BuILT To OBTAIN EXPERIMENTAL DATA FOR 
VERIFICATION OF THE THEORETICAL RESULTS 


An important property of the diagram is that the 
left-hand branch of the curve is very much steeper than 
the right-hand one. This means that to tighten the 
damper too little impairs its damping property much 
more than to tighten it toe much. In practice, there- 
fore, the damper should be adjusted somewhat tighter 
than is indicated by Equation 2. 

Irom Equation 3 we can conclude that the amplitude 
of vibration is inversely proportional to the moment 
of inertia of the damper. Thus the heavier the damper 
flywheels are, the better they work. On the other hand 
from Equation 2 we see that the tightening of the pres- 
sure springs is independent of the size of the damper. 
These equations enable us to precalculate the ampli- 
tude of torsional vibration at any critical speed for en- 
gines equipped with dampers. To be sure of safety 
of a design, such calculations should be performed in 
advance. 
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Fig. 10O—DETAILS OF THE OPTICAL RECORDING SCHEME USED 
WITH THE MODEL SHOWN IN Fic. 9 
To obtain experimental data primarily for verifica- 


tion of the theoretical results mentioned, a model was 
built as shown in Fig. 9. A flywheel, Q, and the long 
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Fic. 11—OPpTicAL RECORD OF VIBRATIONS OBTAINED WITH 


THE DAMPER LOOSE 
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shaft R simulate the effective inertia If l 7 . 
and flexibility respectively of the 4+—+ 
crankshaft as in Fig. 4. The large ' | 


flywheel S, Fig. 9, corresponds to the , 
flywheel in an actual engine. The a 
damper T, with the frictional surfaces 
arranged much as in Fig. 6, is mount- ' 


ed on the flywheel Q, Fig. 9. > 
The frictional torque between the “S84 
damper flywheels and the damper hub ‘4 7.4 
3 


may be changed by the wing nuts U. 
On the shaft end is attached a mech- 
anism, the sole purpose of which is to 
supply a periodic torque to the shaft. 
In this mechanism an eccentric that is 
attached to the disc V is connected to 
the drum W by the steel band X in 
such a way that when the eccentric is 
rotated by the motor Y, W oscillates | 
back and forth through an angle of 

approximately 30 deg. In order that Fig. 
the band X may be always taut, it is 
continued around the drum and at- 
tached to a spring, the end of which is 
visible at Z. The drum W is connected 
to the outer end of the coil spring A,. The oscillation of 
the drum W twists the coil spring A, and thus applies 
the periodic moment to the system, the frequency de- 
pending on the speed that we choose for the motor. This 
periodic moment acts on the model shaft in the same 
way that the variations in torque in an internal-comr 
bustion engine act on its crankshaft. In order that the 
movements of the shaft might be studied and measured, 
they were magnified by using a light beam. The con- 
cave mirror B, reflects the image of the incandescent 
light filament C. on the screen or photographic plate 
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Fic. 12—ANOTHER OPTICAL RECORD OF VIBRATIONS 
This Was Made After the Damper Had Been Tightened Properly 
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13—RESULTS OBTAINED FROM MEASUREMENTS OF THE PHOTOGRAPHIC 
RECORDS 

for Smail, Medium and Large Dampers Respectively, the First 


Being the One of Greatest Practical Value 


placed at D,. Fig. 10 gives a more detailed picture of 
the mirror arrangement. The part e, that carries the 
mirror is mounted on the pivots f, and g,, which are held 
in the part h, which in turn is pivoted on the stationary 
pivots i, and j,. The wire k, is stretched between a pin 
attached to 1, and the spring m,. At the point n, the 
wire k, is fixed to the extreme end of e,. By these means, 
angular movement of /, causes rotation of the mirror 
about a horizontal axis. In a similar manner angular 
movement of. the drum o, or W,, Fig. 9, results in the 
rotation of the mirror about a vertical axis. Thus the 
mirror is arranged so that when the flywheel l,, Fig. 10, 
or S, Fig. 9, is oscillating due to the moment at the 
left end of the shaft R, the light beam falling on the 
screen D, traces out an approximately elliptical figure. 
The abscissa of any point of this figure indicates the 
instantaneous torque acting at the shaft end and the 
ordinate indicates the instantaneous position of the fly- 
wheel Q. The figures described were recorded on a 
photographic plate, Figs. 11 and 12 being typical rec- 
ords taken in this way. The important thing ‘about 
any figure is its total height; for the total height is a 
measure of the amplitude of vibration in the model 
at the time the figure was recorded. 


Experimental Conditions and Results 


The model was operated without the damper and 
with dampers of various inertias. For each size of 
damper, many friction torques were used from prac- 
tically zero up to torques sufficient, in most cases, to 
carry the damper flywheel continuously without slippage. 
The figures described were photographed at several 
speeds of the motor for each setting of the frictional 
torque. In this way the maximum amplitude and the 
frequency at which it occurred were found. 

The results obtained from the measurements of the 
photographic records are plotted in Fig. 13. They show 
very good agreement with the theory. The curve of 
greatest practical value is that for J4/J- 0.104. This 
represents a ratio of the inertia of the damper to the 
inertia of the crankshaft, pistons and other parts of 
about one-tenth which is of the same order as ordinarily 
used in gas or Diesel engines. 
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Most of the dampers in use on automobiles are of the 
Lanchester type. Studebaker, for instance, uses a con- 
struction exactly of the type shown in Fig. 6. Packard 
and Chrysler have the same construction with the addi- 
tional feature that by a centrifugal device the friction 
torque on the damper automatically becomes large with 
the speed. Considering Equation 1, this seems to be 
logical, since at higher speeds the effective-torque varia- 
tions JT; are usually greater than at lower speeds. 

Buick has its damper on one of the crank webs. It 
looks much like the construction shown in the central 
view of Fig. 4, with the exception that leaf instead of 
coil-springs are used. This introduces considerable fric- 
tion in the system, so that the device is a damped dynam- 
ic vibration-absorber or a spring-friction damper. When 
the absorber is tuned to approximately the natural 
frequency of the engine, the relative motion between the 
shaft and the mass or flywheel is very much magnified. 
This, for a given friction torque, increases the energy 
dissipated, so that obtaining the same results with a 
smaller mass than would be needed without springs 
seems possible. This statement is as yet a theoretical 
result and has not been checked by experiment to the 
best of our knowledge. 


The Case of the Graf Zeppelin 


As was mentioned before, the Graf Zeppelin, on start- 
ing from Europe for the United States in May, 1929, 
was forced to return due to failures in the crankshafts 
of four of its five engines. The cause for these failures 
has been investigated thoroughly in Germany and all 
the results have been published®. Fig. 14 is a schematic 
drawing of the installation with the amplitude dia- 
grams of the fundamental and second modes of natural 
torsional-vibration. The engine is a 12-cylinder \- 
type with a damper on the front end of the crankshaft. 
Between the engine and the propeller an extremely 
flexible coupling is placed. The installation is supposed 
to run between 1320 and 1450 r._pm. The investigation 
showed that when the ship was first used in 1928, the 
second mode of vibration had a critical speed at 1390 
r.p.m. This condition was not sufficiently severe to 
cause failure, since as was remarked before, a second 
mode is in most cases far less dangerous than a funda- 
mental. The flexible coupling was arranged so that its 
torsional flexibility could be changed by the insertion of 
washers. 

In overhauling the engines before the fatal trip this 
was done but unfortunately in such a manner as to 
bring the fundamental as well as the second mode to a 
critical speed around 1400 r.p.m. The vibration in 
either mode by itself would not break the shaft, but 
the combination proved to be too much. The cure con- 
sisted in putting in another flexible coupling, which 
threw the fundamental mode out of resonance. Also 


®See Zeitschrift fiir Flugtechnik und Motorluftschiffahrt, Sep- 
tember, 1929, p. 465. 
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Fic. 14—VIBRATION CHARACTERISTICS OF AN ENGINE OF THE 
GRAF ZEPPELIN 


At the Top Is a Schematic Drawing Showing the Installation of 
an Extremely Flexible Coupling between the 12-Cylinder V-Type 
Engine and Its Propeller. The Diagrams Below Show the Ampli- 


tude of the Fundamental and Secondary Modes of Natural 
Torsional-Vibration 


some mass was added to one of the halves of the coup- 
ling, throwing the second mode out of resonance. The 
damper was investigated and found to be operating cor- 
rectly. Without the damper, the shaft stresses were 
found to be 2.7 times as large as with the damper for 
the fundamental mode and 1.4 times as large for the 
second mode. This difference can be explained by the 
fact that for the same motion at the damper the 
stresses in the second mode are much higher than in 
the fundamental. 

From this case the conclusion is drawn that the in- 
discriminate use of dampers without an analysis of the 
system does not prevent failures. In this particular 
case where the engine is designed for a rather narrow 
speed-range, a damper is absolutely unnecessary and 
only adds to the weight and cost of the installation. In 
cases where the speed range is very wide, making this 
entire range free of critical speeds is sometimes im- 
practical or even impossible. Then a damper should be 
used, and it should be made sufficiently large to make 
continuous operation at any critical speed a safe propo- 
sition. 
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A Comparison of Methods for 


Determining Gum Contents 


Annual Meeting Paper 


of Gasolines 


By Oscar C. Bridgeman’ and Elizabeth W. Aldrich* 


‘[HE OIL REFINER has met the demand for a large 
supply of high-antiknock gasoline by the develop- 
ment of cracking processes. Unfortunately, cracked 
gasolines usually contain gummy materials, which 
may be deposited in the manifold or on the intake 
valves of automobiles in sufficient quantities to inter- 
fere with the proper functioning of the engine. To 
avoid trouble from this source, refiners remove most 
of the gum from their product before it is marketed. 
However, this treatment does not entirely overcome 
the difficulty, since, due to instability, injurious 
amounts of gum may be formed during storage. 

In order to ensure to Government institutions that the 
gasoline that they obtain for use in airplanes will not 
give trouble from gum deposition, a limit was set for 


problem is accompanied by the introduction of an- 

other equally difficult problem. Thus the wide- 
spread adoption of cracking processes to furnish an 
adequate supply of high-antiknock-value gasoline has 
introduced the problem of gum, which was largely un- 
known when all gasolines were straight-run. The prob- 
lem is a very serious one, for attempts to increase the 
antiknock value of gasolines by more intensive cracking 
normally result in the formation of larger quantities 
of gum, most of which must be removed before the 
finished product is used in the engine. Fortunately, 
the majority of refiners go to considerable trouble to 
keep the gum content of their commercial product 
within reasonable limits at the time it leaves the re- 
finery. However, it is the gum content of the gasoline 
at the time it is used which is of importance, and gaso- 
lines vary greatly in their tendency to form gum dur- 
ing storage. 

Much confusion exists regarding gum in gasoline 
and it therefore seems advisable to define the terms 
which will be used in this paper and to analyze the 
general gum problem. For practical purposes, gum is 
the material dissolved in gasoline which appears as 
residue on evaporation. The true gum-content is the 
amount of material, by weight, dissolved in a given 
yolume of gasoline, which would remain as residue on 


L FREQUENTLY happens that the solution of one 





1 Publication approved by the Director of the Bureau of Stand- 
ards, Department of Commerce. 

2 S.M.S.A.E.—Research associate, Bureau of Standards, City of 
Washington. 

’ Junior chemist, Bureau of Standards, City of Washington. 


the permissible amount of gum as measured by a test 
devised for this purpose. It has been shown that this 
method measures not only the gum in the gasoline at 
the time of test but also some of gum which may be 
formed on storage. It is now generally believed that 
two test methods should be developed to take the place 
of this one, the first to measure the amount of gum 
present in the gasoline, the second to measure the 
amount which will be formed on storage. At the re- 
quest of the Army Air Corps, the Bureau of Stand- 
ards has made a study of a number of the methods 
which have been proposed for the first purpose. Since 
none of those studied appears to be completely satis- 
factory, further work is being done in order to obtain 
a more suitable method. 


instantaneous evaporation. In practice, however, vary- 
ing amounts of residue are formed from the same gaso- 
line, depending on the experimental conditions during 
evaporation. Each set of experimental conditions gives 
a residue indicative of an apparent gum-content which 
represents the true gum-content plus any gum formed 
during the evaporation process. The true gum-content 
may change during storage. The gum formed either 
during storage or during evaporation may be called po- 
tential gum, which can be defined as the increase in the 
true gum-content over any given time-interval under 
specified conditions. Potential gum is, therefore, a 
function of the composition of the gasoline, time, tem- 
perature and various environmental factors. 

Hereafter in this report it will be understood that the 
term “gum content” refers to the apparent gum-con- 
tent. Whenever reference is made to the true value of 
the gum content, it will be so stated. 

The problem of gum in gasoline divides itself nat- 
urally into three distinct phases: 


(1) The development of a suitable method for the 
determination of the gum contents of gasolines 
at the time of test 

(2) The formulation of a method or methods for 
predicting the gum contents of gasolines stored 
for given time-intervals under specified condi- 
tions 

(3) The correlation of data obtained by the methods 
developed in the first two phases with the re- 
sults of engine tests 


Solution of the first phase must necessarily precede a 
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study of the other two, although engine tests are the 
ultimate criterion of the satisfactory nature of the test 
method developed. Up to the present time, none of 
the proposed methods for the determination of the gum 
content of gasoline has been proved satisfactory. Ac- 
cordingly, the present investigation was initiated by a 
study of the first phase outlined above and the present 
paper deals exclusively with this phase. Comparative 
data are given on a variety of gasolines by a number 
of methods. While this work has not been completed, 
sufficient information has been obtained to permit an 
analysis of the variables involved and has suggested 
methods of attack which should lead to a more complete 
understanding of the problem. 


Previous Work 


Several methods have been proposed for the determi- 
nation of the gum contents of gasolines. One of the 
oldest of these is the so-called “copper-dish method,” 
which has been used for many years as a test in con- 
nection with United States Government Specifications 
for aviation gasolines’. This method consists in evap- 
orating to constant weight a measured quantity of gaso- 
line in a copper dish on a steam bath. A number of 
modifications of the method have been introduced by 
various investigators, such as the substitution of an 
iron, porcelain, glass or silica dish in place of the cop- 
per dish. 

A second method that has been used quite exten- 
sively is the “steam-oven method” of Cooke’, in which 
the gasoline is evaporated to dryness in a porcelain, 
glass or silica dish in an atmosphere of slightly super- 
heated steam, followed by drying to constant weight in 
air in an electric oven. Modifications in procedure have 
been introduced involving the use of different temper- 
atures in the steam oven, and in some cases the subse- 
quent drying in an air oven has been omitted. 

A third method, designated by the term “air-jet,” 
has been proposed recently by Hunn, Fischer and 
Blackwood’. This involves the use of a jet to blow a 
current of air over the surface of the gasoline in order 
to accelerate evaporation from a porcelain or glass 
dish on an open steam-bath. 

Comparative data on the same fuels by these 
methods, or modifications of them, have been obtained 
by several investigators. Vorhees and Eisinger’, and 
also Herthel and Apgar’, recently made comparisons be- 
tween the gum contents of a large number of samples 
by evaporation according to the copper-dish and the 
steam-oven methods. They maintained the steam oven 
however at approximately 335 deg. fahr. rather than 
at a temperature slightly above 212 deg. fahr. as in 
the original method of Cooke. In general, the copper- 
dish values were considerably higher than the modified 
steam-oven values, although Herthel and Apgar give 
two examples where there is a very marked reversal. 
Cooke® reported data on four samples by evaporation in 
glass dishes in the steam oven and on the steam bath 
which roughly agreed with one another, although there 
was a definite indication that the steam-oven method 
gave lower results. Hunn, Fischer and Blackwood® made 


*See Bureau of Mines Technical Paper 322B, 96, 1927 
®*See Bureau of Mines Reports of Investigations No. 2686, 1925. 
® See S.A.E. JOURNAL, January, 1930, p. 31. 


‘Ses American Petroleum Institute Bulletin, vol. 10, sec. 2, 1929, 
p. 169. 

8 See American Petroleum Institute Bulletin, vol. 11, sec. 3, 1930, 
p. 124. 


measurements on a large group of gasolines by evapora- 
tion in copper dishes, in porcelain dishes and by the 
air-jet method. In general, the copper-dish values were 
very much higher than those by the other two methods. 
In about one-half the cases the results by the glass-dish 
and air-jet methods were of the same general order of 
magnitude, while in the remainder the air-jet values 
were distinctly lower. 

The published data appear to be quite inconclusive 
in establishing whether any of the above methods or 
their modifications are satisfactory for the determina- 
tion of true gum-content. Very little information is 
given regarding the reproducibility of the methods, al- 
though there seems to be a rather widespread feeling 
that variations in duplicate determinations by the 
copper-dish method are liable to be large, whereas the 
variations are considered to be much smaller by the 
other methods. There is also considerable doubt re- 
garding the extent to which the samples were heated 
to “constant weight” after evaporation. Further, the 
criterion of a satisfactory method which appears to 
have been adopted is the assumption that the method 
which gives the lowest gum values is the most signifi- 
cant. While this assumption is somewhat rational, it 
is not definitive, for there is no assurance that further 
work might not develop a method giving still lower 
values for the gum content. The present work was 
undertaken in order to apply to various methods a 
more rational criterion for their accuracy as gum tests 
and to amass further information regarding the re- 
producibility of these methods. 

It is not practicable in the present case to use the 
test for accuracy employed in quantitative analysis; 
namely, the preparation of solutions of known concen- 
tration. The difficulties inherent in isolating gums and 
in preventing changes in chemical structure are not 
easily overcome, and the probable complexity of chemi- 
cal composition of most gums would necessitate the 
extraction of gum samples from gasolines prepared by 
a large variety of cracking processes. A corollary from 
the general principle of quantitative analysis suggested 
itself, however, as a possible criterion for accuracy, to 
the effect that, for any accurate gum-content method, 
the value obtained for a 50-per cent blend with a gum- 
free gasoline should be one-half that for the original 
sample. Although this is a necessary condition for ac- 
curacy, it is not necessarily a sufficient condition. On 
the other hand, it seems improbable that catalysis and 
oxidation, if operative in the particular method, would 
exert one-half the effect on the blends as on the original 
samples in a large group of cases. Accordingly, the 
establishment of the 50-per cent relation between the 
values for the blend and the unblended gasoline was 
tentatively accepted as a sufficient criterion of accuracy 
for the present purpose. 


Preliminary Comparison of Methods 


For the first series of comparisons, three methods 
were employed, namely, the copper-dish, glass-dish and 
air-jet. Detailed descriptions of these methods follow. 

The procedure used in the copper-dish method is that 
described in method 530.1 of Bureau of Mines Techni- 
cal Paper 323B. The method consists of evaporating to 
dryness on a steam bath 100 ml. of gasoline in a clean, 
previously weighed copper dish. In the present work 
dryness was interpreted as meaning constant weight; 
sc that after apparent dryness had been reached, the 
dishes were heated again for successive 2-hr. periods 
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until the weight remained constant to 1 mg. 

In the glass-dish method 50 ml. of gasoline was 
evaporated to apparent dryness on the steam bath in 
flat-bottomed pyrex evaporating dishes approximately 
8¢ mm. in diameter and 45 mm. in depth. After ap- 
parent dryness had been reached, the dishes were 
transferred to an air.oven held at 102 deg. cent. (216 
deg. fahr.) and heated to constant weight. 

The air-jet method differed from the glass-dish 
method only in that evaporation was accelerated by a 
vertical jet of air at room temperature, flowing at a 
rate of approximately 300 ml. per sec. The air was 
filtered to remove dust particles by passage through a 
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tower packed alternately with fine-mesh copper screens 
and absorbent cotton. The jet consisted of a plain- 
glass tube of 8 mm. inside diameter, the end of which 
was approximately 2.5 cm. above the center of the orig- 
inal surface of the liquid. 

In all cases the dishes were cleaned with meticulous 
care. Any gum left from previous determinations was 
softened and dissolved by means of chloroform, after 
which the dishes were scrubbed with soap and water. 
The inner surfaces of the copper dishes were polished 
with steel wool, and the outer surfaces were carefully 
cleaned but not burnished. They were then dried with 
a cloth, placed in a desiccator for % hr. and weighed 
tc 0.1 mg. After preliminary cleaning with chloro- 
form and soap and water, the glass dishes were treated 
with a solution of potassium dichromate and sulphuric 


acid at room temperature, rinsed with tap water and 
finally with distilled water. They were then dried with 
a lint-free cloth, placed in an air oven at 102 deg. cent. 
for 15 min., allowed to cool in a desiccator for 20 min. 
and weighed to 0.1 mg. 

The gasolines were measured with carefully cleaned 
dry pipettes, no two gasolines being measured in the 
same pipette without intermediate cleaning. All 
dishes after cleaning were handled with crucible tongs 
with jaws sufficiently wide to encircle the dish and 
specially fitted with cork tips. 

Each test was run in duplicate at the same time and 
all comparative tests on each sample of gasoline were 
run on the same day. If there was any difference in 
the time required to bring duplicate samples to ap- 
parent dryness, both were left on the steam bath until 
the one requiring the longer time had satisfied the con- 
citions for apparent dryness. 

The time necessary to evaporate the gasoline to ap- 
parent dryness by the three methods differed greatly. 
Using a copper dish, 4 to 10 hr. was usually necessary 
to evaporate 100 ml. of gasoline. In the glass-dish 
method, 50 ml. reached apparent dryness in from 2 to 
5 hr.; while, by evaporation under a jet of air, this time 
was decreased so that from 10 to 60 min. was required. 

In accordance with the criterion previously mentioned 
as a test for accuracy of method, determinations were 
made by each method on a 50-per cent blend of every 
sample with a gum-free gasoline. The latter was a 
freshly distilled Domestic Aviation Gasoline on which 
blank runs were made to verify the absence of gum. 

The technique employed in bringing the dishes to 
constant weight consisted in successive 2-hr. periods of 
heating, followed by a 20-min. period of cooling in a 
desiccator and then weighing to 0.1 mg. until the 
weight after such procedure remained constant to 1 
mg. in the case of gasolines of high gum-content and 
to 0.56 mg. in the case of those having a low gum- 
content. 

It was found that heating to constant weight within 
the limits mentioned was a very laborious procedure 
and required, on the average, from 12 to 16 hr. of 
heating. Examples of the change in weight with the 
time of heating are shown graphically in Fig. 1 for 
three fuels evaporated by the air-jet method, in which 
the dishes were heated until the weight became con- 
stant within the error of the balance. The time of 
heating required in order to bring the dishes to con- 
stant weight within 1.0 or 0.5 mg. according to the 
gum content was as follows: 


Copper Dish, hr. 


5 to 29 
Glass Dish, hr. 5 to 22 
Air Jet, hr. 3 to 16 


In some of the later tests a more rigid specification 
of constant weight was employed. 

Data on 20 gasolines and 50-per cent blends by the 
three methods are given in Table 1. The results are 
expressed for comparability as milligrams of gum per 
100 ml. of gasoline. The lower row of figures for each 
gasoline are the data on the blends. The average per- 
centage and the actual deviations between duplicates 
are given in Table 2. Whereas, on the percentage 
basis, there is not much difference between the repro- 
ducibilities, the actual deviations indicate that the air- 
jet and glass-dish methods give much more reproduci- 
ble results than the copper-dish method, and the air-jet 
method gives slightly more reproducible results thaa 
the glass-dish method. 
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The values obtained by the copper-dish method are, 
on the average, very much higher than those by the 
other two methods. For gasolines with high gum-con- 
tent, the glass-dish method seems to give higher results 
than does the air jet, while for those of low gum-con- 
tent the two methods give essentially the same values. 
There does not appear to be any relationship between 
the results obtained by the three methods. A more 
legitimate comparison could have been made if 50 ml. 
ot gasoline had been evaporated in the copper-dish de- 
terminations rather than 100 ml. 

A comparison of the values on the 50-per cent blends 
by the copper-dish method with the corresponding 
values on the original fuels shows that the 50-per cent 
blends in general give a value much less than one-half 
that on the original sample and, further, that there is 
no apparent relation between the two sets of values. 
With the glass-dish method there is more evidence of 
a relation between the results on the original samples 
and on the blends, although in this case also the values 
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Fic. 2—GuM OBTAINED BY AIR-JET METHOD, USING AIR- 
FLow RATES OF 320 AND 680 ML. PER SEC. 
The Good Agreement of the Data Indicates the Negligible Effect of 
the Rate of Air-Flow over This Range 


on the blends are less than one-half of those on the 
criginal samples. Only in the case of the air-jet 
method is there, on the average, an approximation to a 
50-per cent quantitative relation. 


Study of the Air-Jet Method 


Since the data given in the preceding section indicate 
that the copper-dish method is not sufficiently repro- 
ducible and is far from satisfying the 50-per cent rela- 
tion, no further work was done by this method. How- 
ever, it seemed worth while to investigate further the 
air-jet method, particularly the effect of variations in 
air-flow on the results obtained. Accordingly, an addi- 
tional series of comparative tests was made using 
three different air-flows; namely, 0, 320 and 680 ml. 
per sec. The first of these, with zero air-flow, is iden- 


*See Journal of the Institute of Petroleum Technologists, vol. 
16, 1930, p. 684. 
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tical with the glass-dish method mentioned previously 
in this paper. In the other two cases, control and 
measurement of the air-flow were effected by means of 
an orifice meter. The jet consisted of a straight glass 
tube 12 mm. in diameter, which was used in order to 
obtain an increased air-flow. Since the main function 
of the air jet is to facilitate the removal of the gaso- 
line vapors, the size of jet for a given air-flow should 
not have any appreciable effect. 

In these experiments a somewhat more rigorous 
definition of evaporation to constant weight was em- 
ployed. After the gasolines had been evaporated to 
apparent dryness on the steam bath, the dishes were 
placed in the air oven at 102 deg. cent. (216 deg. fahr.) 
for a period of 16 hr., after which they were cooled in 
a desiccator and weighed. Successive 2-hr. periods of 
heating, followed by cooling and weighing, were then 
employed until the weight reached a constant value 
within the error of the balance. On the average, con- 
stancy of weight was obtained after 22 hr. of heating. 

Data on the three air-flows were secured on 13 gaso- 
lines and their 50-per cent blends, and are shown in 
Table 3. For the high-gum gasolines, values by the 
glass-dish method (zero air-flow) are higher than those 
obtained with the two other rates of air-flow, whereas 
in the case of low gum-content there is very little dif- 
ference between the results of any of the methods. 
The data obtained using air-flows of 320 and 680 ml. 
per sec. are in very good agreement, indicating the 
negligible effect of air-flow over this range. This is 
shown graphically in Fig. 2. As in the previous series, 
values on the blends by the glass-dish method tend to 
be considerably less than one-half the values on the 
original samples. In the other two cases the values 
on the blends are about one-half of those on the origi- 
nal samples, with slightly better agreement in the case 
of the larger air-flow. 

The data in this and the previous series are shown 
in Fig. 3, where the milligrams of gum per 100 ml. in 
the blend are plotted against one-half of the corre- 
sponding values for the original samples. While the 
average deviation from the 50-per cent relation is only 
2.6 mg., the plot indicates that the values on the 
blends are more nearly 45 per cent of the value on the 
original gasoline. The average deviation from the lat- 
ter relation is 1.8 mg. 

A limited series of further tests was made on the 
effect of air-flow employing various rates of air-flow 
from zero up to 900 ml. per sec. The results are shown 
in Fig. 4. It is noted that the values decrease rapidly 
down to an air-flow of about 300 ml. per sec. and that 
beyond that point there is very little change in the 
results. There appears to be a slight indication, how- 
ever, that the values go through a minimum and tend 
to increase again. This effect could not be investi- 
yated further, since 900 ml. per sec. represents at least 
the maximum air-flow which can be employed, without 
danger of blowing some of the gasoline out of the dish 
with the design of jet used and with a fixed position of 
2.5 cm. above the original surface of the gasoline. 

From the data recorded in Tables 1 and 3, it appears 
that, of the methods investigated, the air-jet method 
with an air-flow of 300 to 700 ml. per sec. is the one 
which gives the lowest gum-content and is the one 
which most nearly satisfies the quantitative relation 
as regards 50-per cent blends with a gum-free gaso- 
line. Littlejohn, Thomas and Thompson’ have also 
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One-Half Values on Original Sample 


Fic. 3—DATA FROM 50-PER CENT BLENDS WITH A GUM-FREE 
GASOLINE PLOTTED AGAINST ONE-HALF THE VALUES FROM 
THE ORIGINAL SAMPLES 


The Chart Indicates That the Values on the Blends Are More 
Nearly 45 Per Cent of Those on the Original Samples than 50 
Per Cent 


investigated the air-jet method and standardized upon 
a definite procedure. However, they have chosen a 
smaller air-flow for the test method. 

No experiments were made in this investigation on 
the effect of using an inert gas in place of air in the 
air-jet method. Hunn, Fischer and Blackwood” found 
that the results using carbon dioxide or nitrogen are in 
agreement with those obtained when air is employed. 

There is a further test for a quantitative method based 
on the closeness with which the gum content of a 
known blend of two gasolines containing gum approxi- 
mates the value computed from the measured gum-con- 
tents of the gasolines themselves. Accordingly, this 
criterion was applied to the air-jet method and data 
were obtained on nine pairs of gasolines. These values 
are shown in Table 4. In each case, the gasolines were 
blended in equal parts by volume. It is seen that the 


TABLE 2—-AVERAGE DEVIATIONS BETWEEN DUPLICATE DETER- 
MINATIONS 


Average Average 
Deviation, Absolute 
Method Per Cent Deviation, Meg. 
Copper-Dish 22.5 23.84 
Glass-Dish 13.0 2.5 
Air-Jet 13.2 


er 
1 


“Excluding the worst three cases, the average absolute devia- 
tion is 12.9 mg. 


calculated values are in fair agreement with the ob- 
served values. 


Effect of Atmosphere on Gum Content 


The generally accepted theory for gum formation in 
gasolines involves the assumption that gum is the re- 


1 See S.A.E. JouRNAL, January, 1930, p. 31. 


































TABLE 1—COMPARISON OF GUM CONTENT DATA OBTAINED BY 
VARIOUS METHODS 








———-—- — Method———— —__————y 
Sample Copper-Dish Glass-Dish Air-Jet 
Milligrams of Gum per 100 Ml. of Gasoline 
D 815 836 68 75 19 20 
Blend 289 297 33 35 10 11 
E 361 412 17 18 8 8 
Blend 23 32 9 4 4 
F 92 93 18 24 12 12 
Blend 39 48 6 4 7 8 
G 601 663 59 70 15 11 
Blend 147 193 17 18 8 : 
283 308 81 82 70 8 
Blend 95 119 28 28 25 30 
I 147 32 32 34 25 28 
Blend 36 39 15 13 15 13 
J 212 221 70 46 51 
Blend 53 51 23 28 24 21 
K 383 227 19 17 6 5 
Blend 116 95 10 6 2 2 
L 189 180 13 16 7 8 
Blend 23 26 7 7 3 3 
M 424 282 9 7 4 8 
Blend 19 18 6 5 3 54 
N 6 6 4 4 3 o 
Blend 8 3 0 3 0 0 
O 40 32 18 17 8 6 
Blend 9 10 8 8 3 4 
P 98 76 20 22 12 th 
Blend 24 30 a) 9 1 i 
Q 31 23 25 23 17 18. 
Blend 7 5 8 8 9 &. 
R 16 17 21 21 20 20 
Blend 15 7 7 7 12 12 
R, 38 49 35 32 12 12 
Blend 16 18 16 14 6 6 
¥ 73 194 36 42 24 24 
Blend 32 58 14 14 18 15 
U 75 22 22 24 21 
Blend 18 14 11 10 10 il 
V 699 7.14 310 310 109 
Blend 239 194 84 95 50 48 
WwW 503 517 65 76 8 T 
Blend 105 97 7 6 1 3 
\20r 
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Fic. 4—EFFECT ON GUM CONTENT OF VARIATION IN RATE 
oF AIR-FLOW USED IN THE AIR-JET METHOD 


The Curves Are Plotted from Data on Six Different Gasolines 
and the Air-Force Rates Ranged from Zero to 900 Ml. per Sec. 


February, 193} 
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TABLE 3—COMPARISON OF DATA OBTAINED USING DIFFERENT 
RATES OF AIR-FLOW 


Zero Ml, 320 Mi 680 MI 
Sumple per Sec. per Sec per Sec 
Milligrams of Gum per 100 Ml. of Gasolins 
1 16 16 14 13 12 12 
Blend 7 7 7 7 6 { 
2 ! } { { | 
Blend y \ 2 é 
3 | 6 6 } 
Blend 2 2 2 2 j 
4 29 10 10 0 
Blend 12 12 6 6 ( 
5 178 163 93 96 81 
Blend 52 50 33 32 38 
6 9 9 13 11 11 ] 
Blend | 5 } 5 } if 
7 2 2 ' 6 
Blend 1 i 2 | 2 
Ss 12 1S yA5) 24 26 «3 
Blend 16 i 10 11 12 ] 
9 ai 222 44 2 
Blend iI 86 18 19 2 19 
10 24 20 23 25 27 24 
Blend i 9 a) 10 S 9 
11 11 12 S 8 S ( 
Blend D ! $ 4 } 
12 130 149 11 $4 $6 1 
Blend 2% 27 16 LS 14 LS 
13 ila 286 164 154 166 
Blend 106 67 70 75 


sult of partial oxidation and polymerization of unsat- 
uraled hydrocarbons present in the gasoline. From 
this standpoint, it seems reasonable to assume that the 
replacement of oxygen by an inert atmosphere might 
tend to reduce gum formation during evaporation. As 
au preliminary test of this assumption, a few experi- 
ments were made in which gasolines were evaporated 
in almospheres of carbon dioxide or nitrogen. Specia! 
evaporation containers were constructed from 100-ml. 
lorence flasks. The neck was drawn down, and into 
this was sealed an inlet tube with the opening about 
2 cm. above the surface of the liquid when 50 ml. of 
gasoline was present. Each container was_ provided 
with a side arm leading to a vacuum line. In making 
« test, flasks containing 50 ml. of gasoline were placed 
in posilion on the steam bath and carbon dioxide or 
nitrogen was led into them through a needle-valve and 
passed out at one-half atmosphere pressure, carrying 
with it gasoline vapors. The gasoline was evaporated 
to apparent dryness on the steam bath. Afterwards 
the containers were placed in an air oven at 102 deg. 
cent. (216 deg. fahr.) until the weights remained con- 
stant. 

The data obtained are shown in Table 5. Values by 
the air-jet method are also given for comparison. It 
is seen that results obtained by evaporation in atmos- 
pheres of carbon dioxide or nitrogen are, in general, 
higher than those by the air-jet method. It was found 
that the method described was cumbersome and did not 
give reproducible results in addition to requiring an 
excessive amount of time. It was considered that evap- 
oration under a nitrogen jet in a nitrogen oven at 100 
deg. cent. (212 deg. fahr.) would be more convenient 
and might improve the reproducibility and reduce the 
time required. An apparatus for this purpose is now 
in the process of construction. It is planned to pro 


TABLE 4—GUM CONTENTS OF BLENDED GASOLINES 


First Second 90/50 Blend 

Gasoline Gasoline Observed Calculat 
138 14 10 S 63 64 74 
37 +6 18 19 2 2: 27 
1¢t 1S 20 20 17 17 17 
97 92 18 17 »S 57 6 
125 12 2 2 7 ( 

103 99 10 11 61 6 


vide the oven with six jets which may be removed and 
permit its use as a steam oven. In either case, heating 
will be by electricity and it will be possible to study 
the effect of temperature as well as the effect of atmos- 
phere. 


Analysis of the Problem of Gum-Content 
Determination 


If it is accepted that the criterion for a satisfactory 
method for gum-content determination is that it shall 
give the lowest value, it is to be concluded from the 
present work that the air-jet method is the most satis- 
factory of those investigated. However, this method 
does not entirely satisfy the 50-per cent relation, nor is 
there any good evidence that it obviates the formation 
of additional gum during evaporation. A _ logical 
method of ensuring freedom from transformation of 
potential gum into gum would be to use a solvent for 
gum which is immiscible with gasoline. A priori, the 
two conditions appear to be incompatible. In practice, 
however, it was found that an aqueous solution contain- 
ing 90 per cent of ethyl alcohol had moderate extracting 
ability as regards gum and was reasonably insoluble 
in gasoline. Accordingly, some experiments were made 
vith the intention of removing the gum by exhaustive 
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Fig. 5—EFFECT OF DIFFERENCE IN VOLUME OF 
SAMPLE EVAPORATED 

Weight of Residue in the Dish Is Plotted 

\ ume ol Ga 


against the 
Evaporated by the Air-Jet 
Method 


extraction and evaporating the extract liquid to dry- 
ness on a steam bath. 

In doing this, 100 ml. of gasoline was shaken for 
l5-min. periods with successive 50-ml. portions of al- 
cohol solution and each portion of extract liquid was 
evaporated to dryness separately. It was found that 
the distribution law held reasonably well and that prac- 
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tically all of the gum was removed in six extractions. 
This made possible an extrapolation to obtain the 
gum content of the gasoline. The results secured by 
this method are shown in Table 6. While the values 
are in fair agreement with those obtained by the air- 
jet method, it was found that in some cases the alcohol 
solution became completely miscible with the gasoline 
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FIG. 6—CHANGE IN APPARENT GUM-CONTENT 
OF THREE GASOLINES WITH VOLUME EVAPO- 
RATED 


The Intercepts Indicate the Gum Content Cor- 
responding to Instantaneous Evaporation 


after four to six extractions. Accordingly, the method 
vas not investigated further. 

Since none of the methods studied have shown capa- 
bility of giving true gum-contents, it seems worth while 
to analyze the problem from the standpoint of the vari- 
ables involved in the hope that the analysis may indi- 
cate a more promising mode of attack on the problem. 
Aside from the idiosyncrasies of gasoline composition, 
it appears that there are three variables involved; 
namely, (a) time of evaporation, (b) temperature and 
(c) atmosphere surrounding the gasoline during evap- 
oration. All three of these variables have entered into 
each of the methods studied and in order to arrive at 
an entirely satisfactory answer to the problem, it seems 
necessary, therefore, to investigate the effect of each 
of these variables separately. 

The independent study of the effect of time of evap- 


TABLE 5—COMPARISON OF DATA OBTAINED BY EVAPORATION IN 
ATMOSPHERES OF CARBON DIOXIDE AND NITROGEN BY ONE 
METHOD WITH RESULTS BY THE AIR-JET METHOD 


Evaporation from Flasks at 
Reduced Pressure 


- — —- ———_—, Air-Jet 
Sample Carbon Dioxide Nitrogen Method 
Milligrams of Gum per 100 Ml. of Gasoline 
A 9 ea 13 
B 5 = 7 
Fr 26 26 a 12 12 
Blend 13 17 8 7 
G 36 26 15 11 
Blend 25 19 8 s 
H 136 131 70 87 
Blend 86 25 30 
I 7 25 28 
Blend 38 7 13 15 
J 132 152 46 51 
Blend 60 63 24 21 
y ‘ 35 33 24 24 
Blend 18 17 18 15 
U ; 27 18 24 21 
Blend .- 15 10 11 
V = 154 159 109 
Blend Bs 109 62 50 48 


oration on the results is particularly difficult and, in 
fact, it is hard to conceive of any method whereby this 
can be studied independently of temperature and atmos- 
phere. Under these conditions, a logical method of 
procedure, if feasible, would be to make the determina- 
tions under conditions of instantaneous evaporation. 
The realization of this seems possible only by making 
determinations with various times of evaporation and 
extrapolating the results to zero time. One method of 
accomplishing this would be to evaporate a given vol- 
ume of gasoline at the same bath temperature and in 
the same atmosphere in different lengths of time by 
varying the rate of air-flow. 

Another method which could be used is the evapora- 
tion of different volumes of gasoline with consequent 
variation in the time required and the extrapolation to 
zero volume which coincides with zero time. Of 
course, the variables of temperature and atmosphere 
enter into all of these determinations at finite time of 
evaporation, but if their effects are sufficiently con- 
vergent their influence would be eliminated by extra- 
polation, and hence the intercept would represent the 
true gum-content of the gasoline. If the effects are 
not sufficiently convergent, which can be determined by 
experiments at various temperatures and with various 
atmospheres, it would be necessary to make an exten- 
sive series of tests of the effect of temperature and 
atmosphere on the values for instantaneous evapora- 
tion. The complexity of the problem of studying these 
variables cannot be determined until considerable ex- 
perimental information has been obtained. This work 
is now in progress. 

As an indication of one method of attack, some ex- 
periments have been made in which various volumes 
of gasoline have been evaporated by the air-jet method. 
The type of results obtained is shown graphically in 
Fig. 5, where the weight of residue in the dish ig 
plotted against the volume of gasoline evaporated. The 


TABLE 6—COMPARISON OF DATA OBTAINED BY THE 
ALCOHOL-EXTRACTION METHOD WITH THE AIR-JET 


METHOD 
Sample Alcohol-Extraction Air-Jet 
Milligrams of Gum per 100 Ml. of Gasoline 
Cc 90 88 89 
D 27 19 17 
E 50 32 
E, 25 16 


February, 1931 
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equations of the smooth curves through the plotted 
points are of the form G = V (a + bV), where G is 
the actual weight of residue formed on evaporation of 
volume V of gasoline. This equation can be written 
in the form 

100G/V =a+).V (1) 


where 100G/V is the gum content in each case calcu- 
lated as milligrams per 100 ml. of gasoline, where a is 
the gum content corresponding to instantaneous evap- 
oration and b, is indicative of the quantity of gum 
formed during evaporation. The curves for three 
gasolines are shown in Fig. 6, where the change in 
apparent gum-content with volume of gasoline evap- 
orated can be noted. The intercepts represent values 
of a,, or the gum content corresponding to instantane- 
ous evaporation. While the work has not progressed 
sufficiently far to draw any conclusions, the method of 
attack appears promising. 

A similar set of experiments has been made by Little- 
john, Thomas and Thompson”, who found an analogous 
decrease in gum content with decrease in volume of 
gasoline evaporated. They presented their data both in 
tabular and graphical form and considered that 
the lines through the plotted gum-contents exhibited 
curvature. An analysis of their data, however, indi- 
cates that no justification exists for drawing other than 
straight lines through the points, which is in agree- 
ment with the preliminary information obtained in the 
present work. 

The ultimate criterion of the satisfactory nature of a 
laboratory test for gum content is that it shall indicate 
the relative amounts of gum which gasolines will de- 
posit in engines. The present investigation has shown 
that reproducible methods are available, but there is 
insufficient evidence to show that any of these is sig- 
nificant as regards gum deposition in the engine. Two 
general modes of attack might be employed. In the 
first place, accumulation of a large volume of engine- 
test data under a variety of operating conditions on a 
considerable number of gasolines, the gum contents of 
which were measured by the various available methods, 
might possibly indicate that one of these methods was 


See Journal of the Institute of Petroleum Technologists, vol. 
16, 1930, p. 684. 
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satisfactory. However, there is almost complete lack 
of assurance that any of them would prove to be satis- 
factory and the acquisition of the test data is a very 
costly and time-consuming process. On the other 
hand, it is felt that a laboratory flow-method can be 
devised that will simulate engine-manifold conditions 
and which could be used as a preliminary criterion for 
the choice of method to be employed in the determina- 
tion of gum content. Engine tests would then be 
necessary only as a check. 

Two general modes of attack are likewise available 
in arriving at a suitable method for the determination 
of gum content. The first of these would consist in 
selecting, in a haphazard manner, various methods for 
comparison with the laboratory flow-method. The sec- 
ond and more logical mode would be to establish a 
method for the determination of the true gum-content 
and then use this as a basis for modification if data on 
true gum-contents cannot be successfully correlated 
with the results by the laboratory flow-method. This 
latter procedure appears more logical, since the true 
gum-content seems to be a property of the gasoline, 
independent of the method of test. The true-gum-con- 
tent method therefore forms a very satisfactory foun- 
dation for the development of the desired routine gum- 
method. 

In summing up, a logical mode of attack on the prob- 
lem of the development of a significant method for the 
determination of the gum content of gasolines consists 
of three steps: 


(1) The development of a method for the determina- 
tion of true gum-content 

(2) The correlation of data by this method, modified 
if necessary, with results by a laboratory flow- 
method simulating manifold conditions 

(3) The verification of the above correlation by 
means of engine tests 


It is planned to proceed along these lines in an effort 
to place the problem of gum in gasolines on a more 
rational basis. 

The investigation reported herein was undertaken 
as part of an extensive program for the study of the 
gumming characteristics of gasolines and was made 
possible by the cooperation of the Army Air Corps. 








An Internally 


Northern California 
Section Paper 


V ATERIALS for exhaust valves, according to the 
4 author, should be able to resist corrosion and 
electrolytic action, should have high strength at op- 
erating temperatures, and should not air-harden. The 
metallurgist and steel manufacturer should be ac- 
quainted with the conditions under which the valve 
operates. . 

A new type of valve is described, through the hol- 
low stem of which a stream of 
cooling-air is drawn by.a Ven- 
turi exhaust stack which causes 
a vacuum in the exhaust port 
while the valve is closed. Heat 
is thus removed from the inside 
as well as the outside of the 
stem, and harmful temperatures 
are prevented. An incidental ad- 


IGH SPEED, high temper- 
ature and the presence of 
sulphuric acid in the ex- 

haust combine to fix the require- 
ments for valve material upon a 
metal that will resist corrosion and 
have high tensile strength at tem- 
peratures often as high as 1700 
deg. fahr. In addition, material 
must be able to withstand abrasion 
on the stem and seat and have suf- 
ficient hardness on the stem end to 
prevent mushrooming or upsetting 
from its operating contact with the valve push-rod. 

In selecting a material it is further necessary that 
we consider the design of the valve itself. This will 
largely depend on the engine that is being considered, 
for many differeent valve designs have been success- 
fully used. The tulip head, with many variations in 
depth, and the mushroom head, with flat or oval top, 
are used most commonly. The tulip head has met with 
considerable success in certain engines. Its streamline 
surface tends to permit the gases to flow more freely 
than do other forms, and its resistance to warping al- 
lows a valve to be made lighter by the removal of a 
considerable amount of material from the valve-head. 
However, we believe that many engine problems have 
been aggravated by not using sufficient material in the 
valve head; in other words, the cross-section was so 
thin that not even the best materials could hold their 
shape under the terrific strains caused by alternate 
heating and cooling. 

My experience leads to the conclusion that a reason- 


1 A.S.A.E.—President, Aerochrome Engine Valve Co., Ltd., Oak- 
land, Calif. 





MANSE M. Harris 


ooled 
Exhaust Valve 


By Manse M. Harris! 


vantage is the elimination of the red exhaust flame 
without the use of an exhaust ring. 

Successful tests of the Friedl valve were reported 
in the discussion by the inventor and the manager 
of a flying school under whose direction flight tests 
were conducted. These indicated that the tempera- 
ture of the air-cooled valve during flight is several 
hundred degrees lower than of a conventional valve. 

Test results and Indianapolis- 
Race observations were said to 
show that exhaust valves in en- 
gines having high compression 
are cooler than those in low- 
compression engines. Improve- 
ments in spark-plugs help to 
make higher compressions prac- 
ticable. 


ably wide seat should be used, to 
aid in cooling through the seat. The 
high velocity of gases in the pres- 
ent high-speed engines has elimi- 
nated objections to wide seats 
which, in low-speed engines, caught 
particles of carbon on the valve 
seat and held the valve open. 

Valve design is also influenced to 
a great extent by the design of the 
combustion-chamber, which is a big 
problem into which we cannot go 
here. Poorly designed combustion- 
chambers have been and are the cause of much valve 
trouble. Length of valve-stem guides, spring tension, 
lifting mechanisms and many other problems present 
themselves. Valve-springs that are too heavy invari- 
ably cause the valve to imbed itself in the port seat. If 
the material in the valve has insufficient strength at 
high temperatures, the stem will be stretched and the 
power of the engine will be most seriously impaired. 
It is almost amazing how many engines having very 
poor port seats are fitted with good valves. This is poor 
practice. 


Corrosion Must Be Guarded Against 


Corrosion is the most serious result of sulphuric- 
acid fumes or other gases in most internal-combustion 
engines. Corrosion usually is most active when the 
engine is not in operation and at varying, although low, 
temperatures. In some engines, particularly in radial 
aircraft engines, we encounter a further problem of 
electrolytic action, perhaps in instances where bronze, 
aluminum and steel are in certain relations. 

It is difficult to determine definitely in some cases 
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FRIEDL AIR-COOLED EXHAUST VALVE APPLIED TO 
AERONAUTIC ENGINE 


whether corrosion or electrolytic action has started the 
trouble. Our opinion is that much of the valve trouble 
starts from corrosion, although no evidence of corro- 
sion exists after the flame has been in contact with the 
surface. At any rate, we should if possible provide 
materials that will eliminate both electrolytic and cor- 
rosive problems. 

High tensile-strength or yield-point at high temper- 
atures is a vitally important consideration in the selec- 
tion of valve materials. We have examined hundreds 
of valves from the present high-speed high-compres- 
sion engines that must have exceeded temperatures of 
1650 to 1750 deg. fahr. Such valve temperatures re- 
sult from abusive conditions, but nevertheless they are 
conditions that are brought into existence by Tom, 
Dick, and Harry who are operating the engines. 

Since changes in engines and fuels are continuous, 
it is hardly likely that we can make a selection that will 
answer every problem. In the selection of steel, the 
chemist, metallurgist and steel manufacturer need to 
know the practical problems and experiences that arise 
from the varying conditions of engine operation. 

Most of us believed for years that the steel should be 
hard, to assure long wearing life, but all steels that 
can be hardened at tempereatures lower than 1700 to 
1800 deg. fahr. will have their hardness removed by 
heat in actual operation in many engines. Various 
manufacturers have used high-chromium, high-silicon- 
chromium and low-tungsten steels and other alloys that 
had promise of giving more desirable qualities. Tung- 
sten steels have been eliminated because of scaling at 
low temperatures. Steels having a chromium content 
of 12 per cent or more are subject to grain growth 
under continuous heating and cooling, thus being weak- 
ened. 


Air-Hardening Steels Are Objectionable 


In addition, high-chromium steels, as well as many 
other alloys, have a tendency to air hardening, in fact 
do air harden; and air hardening is a property that we 
believe should be eliminated entirely if we are to ex- 
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pect long service from valves. It is not uncommon to 
find a Shore hardness of 75 or 80 in valves after use in 
an engine, even though they have had the benefit of 
salt filling or other methods of heat conduction. Such 
extreme hardness is, in our opinion, damaging to valve- 
port seats; and it is no assurance that the material is 
strong at high temperatures, because many of these 
same valves are found to be elongated so much as vir- 
tually to destroy the efficiency of the engine. Valve 
materials that are hardened or that have any air-hard- 
ening qualities should be eliminated, particularly from 
engines used in aircraft and heavy-duty motorcoach or 
motor-truck service in hilly or mountainous country. 

Such valves may be annealed and hardened a dozen 
times a day, thus aggravating the growth in grain 
structure. So long as the material is subject to elonga- 
tion at engine temperatures, we will encounter lame 
engines and burned valves and valve seats. Therefore, 
our conclusion is that we should use a material that is 
not susceptible to heat-treatment, in other words, that 
cannot be hardened by any method except perhaps work- 
hardening. 


Cooling of Valves 


Salt filling has perhaps been used more than any 
other method for cooling valves, but it has not solved 
all valve problems. It has to some extent been success- 
ful; but it is expensive, and it is impossible to use in 
many engines. Aircraft engines have been the most 
successful with this type of valve. Salt, copper, alu- 
minum and other mediums have been used with vary- 
ing degrees of success, although not nearly to the point 





Fic. 2—-VALVES FROM TEST ENGINE 


The Two Valves at the Left Are Exhaust Valves of the KEriedl 
Design The Two Valves at the Right Are an Exhaust and an 
Inlet Valve as Taken from an Axelson Engine after 45 Hr. 
Service in an Instruction Airplane. The Color and Freedom from 
Carbon of the Exhaust Valve Are Said To Indicate That It Has 


Not Run Hotter than 900 Deg. Fahr. or as Hot as the Inlet Valve 
from the Same Engine 
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at which we can conclude that they have satisfactorily 
solved the problem. Another method, the Friedl, that 
involves air-cooling, we will refer to later. Rapid heat- 
ing of the engines has caused many salt-filled valves to 
swell and crack, thus losing all of the effectiveness of 
the salt as a heat conductor and leaving the valve more 
helpless that one which never had it, so it seems that 
we are being led farther and farther away from the us2 
of steels that can be heat-treated. 

In those engines wherein it is not practicable to use 
the Friedl cooling system it seems that a material is 
needed which is resistant to the destructive agencies 
encountered in the engine, and with this system it is 
desirable to use such material; therefore we should de- 
mand that a material for exhaust valves must have the 
following properties, all of which are available: 

(1) High strength at high temperatures, enough so 
that the stem will not stretch at maximum en- 
gine temperature 

(2) No scaling at maximum operating temperature 

(3) Resistance to the acidic or gaseous corrosive con- 
dition in the engine 

(4) Freedom from air-hardening 
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Fic. 3—VENTURI EXHAUST STACK 


The Vacuum Caused by the Venturi Draws Air through the 
Hollow Valve-Stem 


(5) Resistance to abrasion 

(6) Ability to withstand mushrooming at the tappet 
end 

(7) Shore hardness number not greater than 50 nor 
less than 35 at the valve seat 

(8) Grain structure that will not change at engine 
temperature, 


That these qualities are attainable is proved by the 
fact that hundreds of thousands of valves are in use 
that have operated over distances of 200,000 to 400,000 
miles in heavy-duty engines used on motor-trucks and 
motorcoaches, in many instances covering from 40,000 
to 80,000 miles per regrind. 





Fic. 4—SEVEN-CYLINDER AERONAUTIC ENGINE WITH VEN- 
TURI EXHAUST STACKS 


Cool Air Passes through Friedl Valve 


I have had experience during the last year with a 
valve invented by Ralph Friedl, a refrigeration engineer 
who has had aviation experience. I have helped Mr. 
Friedl in his experiments and have had an opportunity 
to observe the experiments with this valve which have 
been conducted under the direction of T. Lee, Jr., dur- 
ing the same period at the Oakland airport, where this 
valve and method of cooling have been in use for 
several months applied to one or two radial engines on 
airplanes belonging to the Boeing School of Aero- 
nautics. 

A section of the valve as applied to a Wright Whirl- 
wind J-6 engine is seen in Fig. 1, which also shows the 
exhaust port at the right, with the central section of 
the Venturi tube. A photograph of three valves is re- 
produced in Fig. 2. The valve at the left is a Friedl 
exhaust valve sawed open at each end. In the center is 
a similar valve, showing the holes at both ends of the 
air-passage. At the right an inlet valve taken from the 
same engine is shown. As will be seen from these il- 
lustrations, a large air-passage is provided from near 
the end of the stem to a point close under the head of 
the valve, with a small number of radial holes at the 
stem end and a larger number at the head end. 

Used in combination with this valve is an exhaust 
port in the form of a Venturi tube as indicated in Fig. 
3. The dimensions of this Venturi are such that the 
air-blast from the propeller in an airplane traveling at 
100 m.p.h. will produce a vacuum of approximately 5 in. 
of mercury in the exhaust port, thus drawing a stream 
of air through the valve-stem and out of the port with 
the exhaust valves closed. An Axelson engine to which 
the Venturi stacks were fitted is shown in Fig. 4. 

The air-inlet orifices in the valve-stem are smaller in 
combined area than the passage through the stem, 
which is called the expansion chamber. The number 
and size of the outlet orifices, close to the head, are such 
that their combined area is greater than that of the 
expansion chamber. Since the expansion chamber is 
in communication with the Venturi, the air therein is 
below atmospheric pressure. This causes an air draft 
through the stem and somewhat of a refrigerating ef- 
fect from the expansion of the air, which assists the 
cooling by radiation. It is to be noted that the cool 
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air enters the cooler part of the stem and the heated air 
is discharged from the hottest part. The air-draft 
from the outlet orifices is directed against the valve 
seat, assisting in cooling it. The angle at which these 
orifices are drilled is such that the escaping gas tends 


to produce suction rather than increased pressure in the. 


expansion chamber while the exhaust valve is open. 


Inside of Valve-Stem Is Cooled 


This cooling system is permanent, as it does not de- 
pend on maintaining tightness in any piping or contain- 
ers and plugging of the passages is improbable. 

While previous methods of assisting valve cooling by 
aiding the transfer of heat depend finally upon remov- 
ing the heat through the outside of the stem, this 
method removes heat from the inside surface as well as 
the outside surface. Several tests have conclusively 
demonstrated the effectiveness of the system. Brightly 
polished valve-heads have turned only to straw color 
during 180 hr. service, indicating that the maximum 
temperature was less than 1000 deg. fahr. 

Night flying is helped by the Friedl system, since the 
Venturi exhaust stacks emit only a faint blue flame, 
instead of the ring of red flame ordinarily issuing from 
the exhaust stacks of an aviation engine. Therefore, 
the exhaust manifold can well be dispensed with, elimi- 
nating its weight and the back pressure and parasitic 
resistance which it causes and allowing the pilot better 
vision both by day and by night. 





Fig. 5—FRONT OF WASP-POWERED BOEING AIRPLANE HAVING 
FRIEDL AIR-COOLED VALVES AND VENTURI EXHAUST STACKS 


The system has been found to prevent burning, 
sticking and warping of the exhaust valve, to make 
daily greasing and servicing unnecessary and to obvi- 
ate frequent regrinding, and it makes possible unlim- 
ited wide-open operation of the engine without danger 
of damaging the valves. This is accomplished with no 
power-driven accessory and with a reduction in weight 
and air resistance when compared with an engine fitted 
with an exhaust ring. 


THE DISCUSSION 


SIDNEY B. SHAW*:—Have you made comparative 
measurements of the temperatures of Friedl and other 
valves operating under the same conditions? 

MANSE M. HArRRIS:—I shall ask Mr. Friedl to answer 
that question. 

RALPH FRIEDL’:—The only way we had of measuring 
the temperature of valves in the early days of aviation 
and during the War was by drilling a hole in the mani- 
fold through which we could see the hottest point of 
the valve-stem. More recently, use has been made of 
the visual pyrometer, 
which consists of an elec- 
tric light bulb heated by 
a measured current. The 
temperature can be com- 
puted from the voltage of 
current that is required to 
make the filament match 
the color of the metal. 
This method is used by 
Harry Miller in develop- 
ing his racing engines. 
The valves of these en- 
gines open 4000 times per 
min., and no other method 
could be employed to 
measure the heat. 

We cannot measure the 
temperature of an airplane-engine valve during flight, 
and the Venturi operates only while the airplane is fly- 
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2M.S.A.E.—Automotive engineer, Pacific Gas & Electric Co., 
San Francisco. 


® Refrigeration engineer, Oakland, Calif. 


#General manager, Boeing School of Aeronautics, Oakland, 
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ing, but the colors of the valves and the freedom from 
bon adhesions indicate that the temperature is re- 
duced between 400 and 600 deg. fahr. by the Venturi 
cooling. The cooling effect is greater during full- 
throttle operation, because the air is drawn through 
the valve more rapidly by the greater vacuum resulting 
from the higher speed. 

Mr. SHAW :—What vacuum is available from the Ven- 
turi tube? 

Mr. FRIEDL:—We have produced a vacuum up to 5 in. 
of mercury with Venturi exhaust stacks; however, no 
more vacuum is needed, and a Venturi to produce more 
would cause excessive parasitic resistance. The Ven- 
turi shown in Fig. 3, which is the one we have used in 
the tests, causes a constant vacuum of 2 in. of mercury 
at 85 m.p.h. flying speed. The little Venturi tubes on 
the turn and bank indicators that are used on the mail 
planes will produce a vacuum up to 20 in. of mercury. 


ing 
car 


Flying Tests of Friedl Valve 


T. LEE, JR.*:—The Boeing School of Aeronautics is 
ready to aid in developing any promising new idea in 
the aeronautic industry. When I saw the drawings of 
Mr. Friedl’s valve I recognized a possible solution for 
the greatest weakness of the present radial engine, and 
we offered to assist Mr. Friedl in its development. We 
equipped a 150-hp. seven-cylinder Axelson engine with 
his Venturi air-cooled valves, as shown in Fig. 4. 

No serious difficulty was encountered with the valves, 
but it was necessary to take down the engine because 
of connecting-rod trouble at the end of 45 hr. The 
straw color of the exhaust valves indicated that they 
had never reached a temperature of 900 deg. fahr., and 
two of them retained their original polish to such a 
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degree that a reflection of the face could be seen in the 
valve-head. 

After overhauling, the engine was run for 130. hr. 
longer, the whole 175 hr. being in the course of our 
regular dual and solo instruction work. No test of an 
engine is harder than this, 
because of the inexperi- 
ence of the pilots. This 
was one of our nine in- 
struction planes and was 
flown by as many as 40 
different students. We 
do not ask the students to 
treat this engine differ- 
ently from others in any 
way. The students liked 
the engine so much that 
they asked for the plane 
in which it was mounted 
in preference to other 
similar planes. It was 
used in the instruction 
work from the beginning 
of the dual instruction 
and including all maneuvers and stunts and transport 
license tests such as are given after 200 hr. of instruc- 
tion. 

A comparison of the performance of the same engine 
and plane before and after the Venturi air-cooled valves 
were installed, with no other change, established the 
following points: 





T. Leg, JR. 


(1) The speed of the engine at full throttle was in- 
creased from 1775 to 1900 r.p.m. 

(2) The weight was reduced 34 lb. 

(3) The visible blaze was eliminated from four of the 
seven exhaust ports. 

(4) The exhaust noise was reduced about 15 per cent. 

(5) The speed of the airplane was increased 5 m.p.h. 

(6) The engine had better acceleration. 


Further experimenting might reduce the noise still 
more. Mr. Friedl has developed a Venturi tube which 
eliminated all blaze from the 425-hp. Pratt & Whitney 
Wasp engine on the test stand. 

The only disadvantage is a peculiar whistle produced 
by the Venturi tubes while the plane is in a dive. This 
is similar to the screaming of the wires during a very 
steep dive. 


Tests Continued on Other Engines 


This test of the valves ended when the airplane hav- 
ing them landed in the bay. A careful check of the 
valves after this accident showed that the sudden bath 
of the hot valves in salt water had warped several of 
the inlet valves but none of the exhaust valves. 

We are now equipping a Wright J6-5 165-hp. engine 
and a Pratt & Whitney 425-hp. Wasp engine with Ven- 
turi air-cooled valves for further tests. 

Mr. Friedl made one test in which an engine was 
operated without benefit of the Venturi exhaust until 
the valve was heated to cherry red. Then he put the 
Venturi into operation and the valve was cooled so that 
it became black in 42 sec., although the head was ex- 
posed to a constant temperature of 1300 deg. fahr. This 





5 A.S.A.E.—Sales engineer, Ethyl Gasoline Corp., San Francisco 


6 M.S.A.E.—Chief experimental engineer, Caterpillar Tractor Co., 
San Leandro, Calif. 


test indicated that the Venturi effect reduced the tem- 
perature by 500 deg. 

HowarpD A. REINHART’ :—I have learned a great les- 
son this evening about what can be accomplished by 
cooperative effort, because the Boeing Company has co- 
operated with a man who had an idea. Lack of cooper- 
ation, particularly in regard to the patent situation, is 
hindering the development of carburetion more than 
anything else. 

Does anything in the development which Mr. Harris 
has reported offer any solution to difficulties with valves 
of automobile engines? 


Improvements in Automobile-Engine Valves 


Mr. HARRIS:—The best solution we can now see is 
through the use of austenitic steels, which are not mag- 
netic, or in producing a higher grade of steel to which 
the manganese, chromium, nickel and other alloys are 
added. 

Mr. REINHART:—Operators who are here will agree 
that we are far from having satisfactory valves in 
motorcoaches and motor-trucks. 

Mr. HARRIS:—Austenitic-steel valves in good seats 
will help greatly, but there is little use in putting good 
valves in poor seats. 

CHAIRMAN MILTON DAvIES':—I must agree with Mr. 
Harris. The design of the cylinder-head is one of the 
most difficult problems in connection with a high-duty 
engine. If the head cannot be kept in shape no one can 
make valves that will stand up in it. 

Mr. HARRIS:—My experience has shown that it is 
very difficult to produce satisfactory valves for some 
Diesel engines. I have in mind several different engines 
in which the valves did not warp, burn or corrode in 
the usual way, but the seats of the valves looked as if 
they had been pounded with a ball-peen hammer—the 
material was highly resistant to heat, but not hard. We 
have failed so far to find 
the cause. 

A VISITOR :—I have had 
some experience with 
Diesel engines but have 
never seen the effect that 
Mr. Harris mentioned. 
Perhaps it may be due to 
the high sulphur content 
to which Diesel fuels are 
more subject than is gaso- 
line. 

CHAIRMAN DAVIES:—I 
should like to ask Mr. 
Reinhart to tell what is 
the relation between com- 
pression ratio and valve 
temperature. 





Howarp A. REINHART 


High Compression Favors Valve Cooling 


Mr. REINHART:—Contrary to what might be ex- 
pected, the exhaust temperature drops as the compres- 
sion rises. I know of one six-cylinder engine that was 
used for experimental work here on the Pacific Coast. 
When equipped with a cylinder-head giving 5:1 com- 
pression-ratio, the pyrometer reading showed the ex- 
haust temperature to be about 2100 deg. fahr. Sub- 
stituting a 6:1 head reduced it to 1800. 

Very little valve trouble was experienced at the In- 
dianapolis Race last Memorial Day. Only two cars 

(Concluded on p. 239) 
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REVENTION of economic loss from the rusting 
of ferrous products has been sought by engineers 
; in various ways. Stainless steels are offered as one 
remedy. The author shows that these steel should 
be divided into three classes, according to whether 
they are to resist corrosion under atmospheric, wet 
or heat conditions. 

Every trace of scale, iron oxide and contact with 
iron that might oxidize must be eliminated from the 
surface to prevent staining, which will extend far 
beyond the contamination. All carbon in the steel 
should be in solution, and rouge containing iron oxide 
should be avoided in polishing. 

Extensive polishing equipment has been installed 
by manufacturers of sheet-metal for the fabrication 
of parts that 
require a 
high degree 
of polish. 
Steel for 
structural or 
decorative 
uses has its 
resistance to 
corrosion in- 
creased by a 
nitric - acid 
treatment 
known as 
passivating. 

Basic com- 


S engineer- 
ing devel- 
oped from 

an art into a sci- 
: ence, the engi- 
neer’s responsi- 
bilities increased. 
Bridges changed 
from wrought 
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iron to steel Fig. 1—GeNERAL VIEW oF REPUPLIC 
structures which, The Machines Shown Hav: 
to the minds of 

many, looked like tissue paper; but they have stood. 
Nevertheless, a question has been in the background as 
to whether or not any unseen or insufficiently protected 
part is rotting, rusting or corroding away. Several 
major accidents due to the localized deterioration of 
ferrous products have been recorded, among them the 


1Chief metallurgist, Central Alloy division, Republic Steel Corp., 
Massillon, Ohio. 
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positions of stee!s in the three classes are tabulated, 
and the physical properties of a few of them are 
given. A bibliography of articles and books on stain- 
less steels is appended. 

Forging experience was reported in the discussion 
by men representing one organization that has done 
extensive testing and another that has forged from 25 
to 40 tons of the material per month. The impact 
test of a sample that was not heat-treated was found 
to be exceptionally high. The material is considerably 
more difficult to forge than carbon steels but easier 
than high-speed steel or Monel metal. Close tem- 
perature contro}! and skillful handling are required. 
The procedure for successful welding was described, 
and the prospect for less expensive stainless steel was 
discussed. 

One impor- 
tant point 
brought out 
was that an 
imperfection 
which allows 
corrosion of 
stainless 
steel does not 
lead to rapid 
deterioration, 
like rust un- 
der the coat- 
ing of plated 
steel. 


collapse’ of 
Charing C 
station in 


don. 
This worry 


prevented. A 


That the loss by rusting each year is very great has 
now begun to dawn upon the world; it has even been 
stated to be equaled to the yearly output of ferrous 
products. While this cannot be true, the losses are 


cnormous. 


great span of the 


to the ravages of 
the elements came 
only to the group 
STAINLESS STEEL POLISHING DEPARTMENT Which _ bears 
Tables and Endless Polishing Belts first responsibil- 

ity. Coatings of 
various kinds were evolved as mitigants, but the ques- 
tion still remains as to whether this rusting is entirely 
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Investigations were begun, the real object of which 
was to secure improvement in the stability of the sur- 
face of ferrous products. The solution that came, as in 
many other cases, was due to the demands of an armed 
conflict. It was based upon the parent alloy of chro- 
mium and iron, resulting from the monumental work 
of Brearly and Haynes, which is the foundation of a 
much broader structure that is being built rapidly. 

The alloy was used first to resist deterioration in a 
gun barrel. Its next application was in cutlery, from 
which came its unfortunate designation as “stainless 
steel,” which has 
retarded the rec- 
ognition of its 
broader aspects. 
Materials of this 
class are used to 
resist the ravages 
of the elements, 
of acids and of 
gases at high tem- 
peratures. 

From the origi- 
nal stainless steel, 
which could be 
hardened, several 
chromium alloys 
have been _ pro- 
duced—chromium 
steels, chromium 
irons, chromium- 
silicon steels, 
chromium - nickel 
steels, chromium- 
nickel - silicon 
steels and chro- 
mium - nickel- 
molybdenum 
steels—each con- 
tributing definite 
qualities and suitable to meet certain demands. 

A major development such as this, as can readily be 
seen, involves complicated legal questions. Fortu- 
nately, the legal aspects of the development are being 
simplified. 

Our analysis of the field will be simplified, if, instead 
of using the word “stainless” we speak in terms of the 
stability of the surface in resisting: (a) the atmos- 
phere, or atmospheric corrosion; (b) liquids, or wet 
corrosion; and (c) scaling, or dry corrosion. Each of 
these conditions demands specific qualities and its own 
chemistry. Out of the chaos is emerging the fact that, 
as in the other lines of metallurgy, no one steel is suit- 
able for all applications. 


Steels Resistant to Atmospheric Corrosion 


Resistance to atmospheric corrosion imposes the 
greatest difficulties. Defects that develop are entirely 
out of proportion to the initial defects, and brown rust 
or stain is so apparent upon a highly lustrous white 
ground. Early in this development it was found that 
obvious chemistry would not assure a stainless product; 
that tarnish would appear if the base was not properly 
prepared. Much patient observation disclosed that a 
surface which seemed perfect to the eye would some- 
times tarnish if it was not entirely free from scale. 
Any scale left imbedded in the surface because of in- 
sufficient pickling or grinding and buffing will even- 





Fic. 2—THE FINAL BUFFING OF STAINLESS-STEEL SHEETS 


The Polishing Rolls Oscillates as the Tables Move, Thus Preventing Lines on the Sheets. 


tually break down or weather, and the products of this 
action will cause a stain that may become a pit extend- 
ing Over an area many times the size of its cause. 

Too much emphasis cannot be placed on the fact that 
scale must be completely removed. To make sure of 
this, it is necessary either to over-pickle, making a sur- 
face that is unsuitable for many fields of application, 
such as automobile, or else to grind the surface after 
pickling, so that it can take a high polish. Any scale 
or iron oxide remaining in contact with the product will 
cause the surface to break down. Such a result is some- 
times caused by 
grinding grit 
which is contami- 
nated with iron or 
from the use of 
unsuitable polish- 
ing powder. The 
use of jewelers’ 
rouge, which con- 
tains iron oxide, 
instead of green 
rouge, which is 
composed of chro- 
mium oxide, is 
liable to cause 
stain, as is also 
contact with a die 
or shear having 
a surface with 
which proper pre- 
cautions have not 
been taken. 

The foregoing 
may make it seem 
that the product 
is finicky and 
troublesome. Such 
is not the case, it 
is only necessary 
to remember that a stable surface is required and that 
nothing must be permitted to contaminate it which is 
or can become unstable. Polishing powders, grits and 
automatic machines for grinding and buffing have been 
improved enormously during the last year, so that parts 
now are polished in a fraction of the time that was 
formerly required. Some of the equipment for this 
purpose that is in use in the Central Alloy plant of the 
Republic Steel Corp. in Massillon, Ohio, is shown in 
Figs. 1 and 2. 

Two classés of finish are recognized, one for automo- 
tive parts and the other for structural work, which does 
not require such a high finish. Typical sequences for 
finishing are to polish with No. 150 Lionite, No. 180 
Lionite and No. 200 Turkish emery and buff or to 
polish with No. 180 Lionite and No. 200 emery and 
buff. The Lionite is a synthetic abrasive which is 
sharper than the Turkish emery. Buffing compounds 
consist chiefly of aluminum compounds or chromium 
oxide, and are furnished by several well-established 
firms. Structural material for buildings should always 
be immersed in 30-per-cent (by volume) nitric acid for 
30 min. at 130 deg. fahr. This treatment, which is 
known to the trade as passivating, increases the sta- 
bility of the surface. No other acid has the same re- 
sult. 

Chemical specifications for chromium and chromium- 
nickel steels that are characteristic of those used to 
























































































































































































































162 eR ELL DLE LA 


resist atmospheric corrosion will be 
found respectively in lines 1 and 2 
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TABLE 2—-PHYSICAL PROPERTIES OF SOME TYPICAL STAINLESS STEELS 


Coefficient of 


of Table 1. These are basic types Alloy, Per Cent Elonga- eS 
. : . ‘ ye — Ultimate tion, ———____A~—______, 
which are modified slightly by dif Chro- " Yield Point, Tensile-Strength in 8 In., “Per Deg. Per Deg. 
ferent manufacturers. Other for- mium Nickel Lb. Per Sq. In. Lb. Per Sq.In. Per Cent Cent. Fahr 
: s . * 16—18 45,000— 55,000 70,000— 80,000 18-—22 0.0000096 0.0000053 
mulas are being tried, but consider 18 S 40,000— 50,000 85,000— 95,000 45—55 0.000016 0 0000088 
ation of them would unduly compli- 12-14 45,000— 55,000 — 80,000—-100,000° 18.0% 


cate this paper. 


>’ Annealed. 


Steels Resistant to Wet Corrosion ¢ Heat-treated 


Resistance to wet corrosion de- 
mands totally different qualities 
from the foregoing. High finish is not required, and 
the suitability of steels depends entirely upon their 
physical, metallurgical and chemical qualities. Even 
with correct chemistry, it is important that all of the 
carbon in the alloy shall be held in solution. If any 
of it is precipitated, pronounced localized wet corro- 
sion may occur. For this service we are concerned 
with the stability of the surface against solution. To 
be successful in resisting corrosion, the surface must 
contain a protective film. This can be helped by elimi- 
nating all scale, so that local corrosion is removed and 
galvanic action is prevented. 

No alloy is suitable to resist all acids. The simple 
chromium alloys resist nitric acid in all concentrations 
almost perfectly, but results are entirely different with 
sulphuric and hydrochloric acids. Hadfield used sul- 
phuric acid in his experiments, so failed to observe the 
valuable properties of the chromium alloys. 

Fundamental types of steel representing the special 
alloys to resist wet corrosion are as follows: 


12-14 Per Cent Chromium.—This alloy has good physical 
qualities and good resistance to corrosion from sea water 
and many other liquids. 

16-18 Per Cent Chromium.—This alloy is highly resistive 
to nitric acid. 

16.5-20 Per Cent Chromium, 7-10 Per Cent Nickel.—Re- 
sists nitric acid well and sulphuric acid fairly well but is 
poor in hydrochloric acid. 

2-2.5 Per Cent Silicon added to the foregoing gives an 
alloy that withstands nitric acid and is better in sulphuric 
acid than the alloy without silicon, but it also is poor in 
hydrochloric acid. 


Modifications of these types include the addition of 
molybdenum and tungsten. 

One difficulty that has been observed with stainless 
steel and chromium plating in the automobile industry 
can be easily explained. When these materials are 
placed within 18 in. of the ground, early deterioration 
always results. This is due to the practice of spraying 


TABLE 1—CHEMICAL COMPOSITION OF REPRESENTATIVE STAINLESS STEELS, PER- 


CENTAGES OF VARIOUS ELEMENTS 


Manga- Chro- 


Tung- Molyb- 
Carbon nese Silicon 


mium Nickel sten denum 
Steels Resistant to Atmospheric Corrosion 


55,000—180,000° 


Cobalt phorus phur 


100,000—200,000 10—20.04 0.0000102 0.0000056 


4 Heat-treated, elongation in 2 in 


roads with calcium chloride, hydrolysis of which pro- 
duces hydrochloric acid that attacks the chromium. 


Steels Resistant to Dry Corrosion or Oxidation 


Chromium is the fundamental alloying element also 
in alloys of the third group, which must resist the 
scaling or dry corrosion from gases under the influence 
of heat. The 18-per-cent alloy is decidedly superior to 
the 14-per-cent, and the 25-per-cent is still better. Ad- 
ditions of silicon are important in this group, reducing 
the percentage of chromium that is required. Silcrome 
valves contain about 9 per cent of chromium and 3 per 
cent of silicon and can be used successfully up to a tem- 
perature of 925 deg. cent. (1697 deg. fahr.). Because 
of the requirements as to physical strength, the parent 
alloy has been modified to include nickel, silicon and 
tungsten. Lines 3 to 8 of Table 1 set forth the chemical 
composition of several valve steels, as reported by Dr. 
J. A. Mathews. The steels shown in lines 3 and 4 have 
been superseded. That specified in line 6 is very popu- 
lar, line 7 is a specification used for airplane-engine 
valves and line 8 represents a formula that is received 
favorably in Europe. 

The exhaust valve is only one application requiring 
steels resistant to hot corrosion. Articles by Dr. J. A. 
Mathews, C. M. Johnson and W. H. Hadfield, listed in 
the appended biliography, present additional data on the 
subject. 


Physical Properties of Stainless Steel 


Physical properties of the chromium and chromium- 
nickel types of steel at atmospheric temperature are 
given in Table 2. The first two lines of this table refer 
to the same steels as are listed in lines 1 and 2 of Table 
1. The 12 to 14-per-cent chromium alloy is a free-cut- 
ting steel quenched in oil at 1750 deg. fahr. and drawn 
at 1200 deg. The physical strength and forming quali- 
ties of the materials for resisting wet corrosion are not 
usually of great importance. In cases where strength 
is required, I believe that the 
strength obtained by cold-working 
should not be depended upon, except 
in special instances, as this causes a 
dangerous state of instability. If 


Phos- Sul- 


. ax 30-56 asaya. oes 063 te strength is insufficient that is 

2 0.16 50¢ 0.75% 16.5-20 7-10 ae: és 0.03 0.03 obtainable with a complete solution 

ian Specifications for Valve oe Given by “. J. A. Mathews of the carbon, or in the softest state 

0.30 Ka’ 0.4 13 a as po chee he, cs in the case of austenitic chromium- 

: ioe vee os oSe ss vee = 0.75 3 --- nickel and chromium-nickel-silicon 

7 0.40 ate 2.5 12 i ta steels, the sections should be rede- 

8 0.40 eee ° : 2.2 eee . . 

Steels That Can Be Used at 2000 Deg. Fahr signed. Experience has supported 

9 0.18-0.30 0.60-0.80 1-15 20-30 10-12 this stand in several cases. The 12- 
10 0.18-0.30 0.60-0.80 1-15 25-27 15-17 ‘ i ini 

11 0.18-0.30 0.60-0.80 2-25 22-24 20-22 per-cent-chromium type, containing 

12 0.18-0.30 0.60-0.80 1-15 28-30 0-2 
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sufficient carbon, is being used in 
the heat-treated state for turbine 
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blades, quenched and drawn to meet Navy speci- 
fications of 60,000 lb. per sq. in. proof stress, 100,000 
lb. tensile strength, 20 per cent elongation, 50 per cent 
reduction of area and a maximum Brinell reading of 
241. 

Physical qualities of the heat-resisting group are not 
evaluated, except as to the requirement that the prod- 
ucts must be fairly hard, have stabilized surfaces that 
will not detriorate and the strength must not be re- 
duced by embrittling due to coarsening of the grain. 
The qualities are best measured by the loss due to 
sealing at increasing temperature. The steels listed in 
lines 9 to 12 in Table 1 were found by Dr. Mathews to 
be successful with temperatures as high as 2000 deg. 
fahr. Nickel in the alloy usually is reduced for condi- 
tions of sulphur exposure. 

Stainless irons tend to work-harden very appreciably 
when drawn between dies, although they show high 
ductility when tested with the surface free, as in a ten- 
sile test. It is common for the hardness to rise from 
85 to 100 on the Rockwell B scale during cold drawing. 
This at first was thought to be an insurmountable ob- 


stacle, until suitable lubricants were developed. Now 
austenitic chromium-nickel steels are being drawn suc- 
cessfully in large quantities with the use of drawing 
compounds which generally have a lithopone base with 
linseed oil. This general type of compound has several 
modifications, all of them good. Straight chromium 
steels have not the same ductility, but they can be used 
in many cases with some alteration in the design of the : 
part and the method of fabrication. 

One question that seems to be undecided is what 
grade of finish should be purchased by the fabricator. 
The first impression seems to be that the less polishing 
the fabricator has to do, the cheaper will be his cost. 
This is not always true, because the highly polished 
sheets require more careful handling in shipment and 
in the factory, and the steel-maker must polish scrap 
and all if he does the work, thus increasing the cost of 
the wasted portion. If parts are symmetrical or the 
design is such that polishing is easy and if the produc- 
tion is large, the product can be polished by special 
machinery and it is not necessary to purchase the sheets 
with very high finish. 
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THE DISCUSSION 


O. A. PARKER’:—One thing that I have learned about 
the fabrication of stainless steel is that stronger rolls 
are required to roll a bar or sheet of it than for carbon 
steel of the same dimensions. Apparently the dies for 
working it also must be somewhat different from dies 
for similar operations on deep-drawing carbon stock. I 
understand that this stainless steel costs about 12 times 
as much as ordinary steel, something like 37% cents 
per lb. 

PAUL GyYGI’:—We have made some trials at forging 


2 M.S.A.E.—President, Parker Wheel Co., Cleveland. 
® Metallurgist, Champion Machine & Forging Co., Cleveland. 


K-A-2 steel, having less than 0.15 per cent of carbon 
and other elements as indicated in line 2 of Table 1. 
We found that it forged very well from bar stock and 
developed surprising physical properties without heat- 
treating. The elastic limit was 64,000 lb. per sq. in.; 
ultimate strength, 100,000 Ib.; elongation in 2 in., 51 
per cent; reduction of area, 73.3 per cent; Izod impact, 
118 ft-lb.; and Brinell hardness, 187. 

We have forged other types of steel having similar 
properties except the impact value, which shows higher 
than any we have ever seen produced in the un-heat- 
treated state. 


February, 193) 


























































A OREN tie BE 














































































































ceed OTT TE 






































































































208 S.A.E. JOURNAL 





Another specimen of the same stainless steel was 
quenched in water from a temperature of 1200 deg. 
fahr. The impact value and elastic limit were approxi- 
mately the same as in the foregoing, and the hardness 
and other physical properties were a little higher, as 
follows: tensile strength, 105,000 lb. per sq. in.; elonga- 
tion in 2 in., 49.0 per cent; reduction of area, 62.3 per 
cent; Izod impact 118.5 ft.-lb.; and Brinell hardness, 
196. 

Another specimen of the same stainless steel was 
quenched in water from a temperature of 1200 deg. 
fahr. The impact value 
was approximately’ the 
same as in the foregoing, 
and the hardness and 
other physical properties 
were a little higher. 

Will the hardness and 
physical properties of this 
steel be improved by in- 
creasing the carbon above 
0.16 per cent? 

M. J. R. Morris:—The 
physical properties are 
substantially the same 
with higher carbon. 

Mr. GyGi:—At how 
high temperatures can 
stainless steels be used 
successfully ? 

Mr. Morris :—Some of the them can probably be used 
at temperatures above 2000 deg. fahr., some up to 2200 
deg. Successful use is reported in one case at these 
temperatures, but the amount of experience behind this 
report is not enough to make it dependable. Unques- 
tionably alloys are being used at 1800 deg., and some 
are subjected to higher temperatures. 





O. A. PARKER 





Observations from Experience in Forging 


S. A. HARRIS':—With this metal as applied to cut- 
lery, there was difficulty in keeping a keen cutting edge 
on knives, but recent developments have overcome this 
difficulty. One type of stainless steel that will hold an 
edge contains 0.65 per cent or carbon, 16.5 per cent of 
chromium and no nickel. This metal requires extreme 
care in heating and soaking for forging and hardening. 

Mr. Morris’s paper treated almost entirely of sheet 
metal. The organization with which I am connected has 
been interested in research and development regarding 
stainless-steel forgings since 1925 and fabricates 25 to 40 
tons of it per month in normal times. One of the 
problems in forging is to minimize the amount of flash, 
all of which is virtually a total loss. Following are ob- 
servations from the experience we have gained: 

(1) Stainless steel forges easier than high-speed 
steel or Monel metal, but with considerably 
more difficulty than carbon steels. 

(2) The tendency of the metal to air-harden reduces 
die life. 

(3) Close temperature control is essential; too high 
heat or excessive soaking causes the metal to 
become coarse and crystalline, and too low 
heat shortens the life of the dies. 

(4) Great skill is required on the part of the ham- 
mer operators and heaters. 


‘Chemist and metallurgist, Steel Improvement & Forge Co., 
Cleveland. 
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(5) Die designs must be modified to prevent exces- 
sive flash. 

(6) Sudden changes are encountered in hardness 
with drawing temperatures between 1000 and 
1200 deg. fahr. 

(7) In selecting a type of stainless steel, careful 
consideration should be given for each appli- 
cation to the method of fabrication, the physi- 
cal properties and degree of corrosion resist- 
ance required, and the nature of the corrod- 
ing agent. 

C. G. SHONTZ’ :—Does Mr. Morris recommend the use 
of stainless steel in contact with ordinary steel or iron? 
Since such care is required to eliminate iron products 
trom the surface, it seems possible that bolting or rivet- 
ing ordinary steel to stainless steel might set up some 
sort of an undesirable action. 

Mr. Morris :—They are being used together, but pre- 
cautions are taken to prevent any staining or bleeding 
from showing on the surface. 


Controlling Thermal Expansion 

Mr. SHONTZ:—Stainless steel containing 18 per cent 
of chromium expands less than ordinary steel, while 
that containing 18 per cent of chromium and 8 per 
cent of nickel expands more. Is there a possibility of 
producing a stainless product of intermediate analysis 
having the same coefficient of thermal expansion as or- 
dinary steel? 

Mr. Morris:—That question arises in the oil indus- 
try and is very pertinent. Mr. Harris is better able to 
answer it that I am. 

Mr. HARRIS:—We make steel forgings containing 20 
per cent of nickel, 8 per cent of chromium, about 0.35 to 
0.40 per cent of carbon and 1 per cent of silicon. This 
material is very difficult to forge, because of its great 
strength at high temperatures. Its coefficient of ex- 
pansion between 20 and 600 deg. cent. is 0.0000168 per 
cent deg. (0.0000076 per deg. fahr. between 68 and 1112 
deg. fahr.). 

Mr. SHONTZ:—Stainless steel is being used in auto- 
motive work chiefly for light parts in which the cost 
of the material is a relatively small part of the total 
cost. The cost is still prohibitive for many of the 
heavier parts. As Mr. Morris had said, great advances 
have been made in methods for polishing during the last 
year or even the last six months. However, if the ma- 
terial has deep scratches 
or pits, requiring the use 
of a coarse grinding- 
wheel, the cost of finishing 
rises rapidly because of 
the difficulty in removing 
the grinding scratches. 
Such difficulties have been 
largely overcome in sheet 
and strip products, but 
bar stock, heat-treated 
articles and forged parts 
still have uneven § sur- 
faces and cannot be fin- 
ished as well as_ sheet 
products. 

Stainless steel does not 
have the same luster and 
brilliance as a_ plated 
product. However, pits are not so objectionable in 
stainless steel as in plated metal; because any resulting 
stains can be removed, temporarily at least, by the ap- 
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plication of a little polish, and the mate- 
rial is not subject to rapid deterioration 
as is steel when rust gets a foothold un- 
derneath the plating. 

R. R. ABBOTT’ :—Some years ago there 
was a controversy regarding the effect 
of copper in steel in respect to corrosion. 
It was found that a copper content 
seemed to produce a better surface for 
painting. 


Stainless Steels of Lower Cost 


What developments are there in the 
way of stainless steel of much lower 
cost than those that are now in use, per- 
haps by the use of lower contents of 
nickel and chromium with the addition 
of copper or aluminum, which would re- 
sist corrosion fairly well when painted? 

Mr. Morris:—Steels of that sort are available now. 
Some of the first attempts at making stainless steel 
failed because they were made with too little regard to 
cost. It was expedient for success to make a product 
that was unnecessarily good in order to create the first 
impression. Undoubtedly there will be modifications in 
Stainless steel, and no one knows how far the manufac- 
turers will go in making products of lower cost. I 
understand that one steel company now makes about 
80 varieties of stainless steel, but I believe that a little 
time will be required to develop the most successful 
steels of low cost. 

Some of the most expensive cars develop blemishes in 
their plated finish before they are six months old. 
Owners of cars that are trimmed with stainless steel! 
will appreciate their freedom from such defects and 
the ease with which they can be cared for. 

J. S. ADELSON‘':—Mr. Morris has greatly clarified the 
situation by classifying alloys for different purposes. 
What type of steel would he recommend for use in ap- 
plications such as heating systems and evaporators at 
temperatures between 500 and 1000 deg. fahr., both 
wet and dry? 

Low-carbon steel containing 18 per cent of chromium 
and 8 per cent of nickel now seems to cover the widest 
field so far as usefulness and workability is concerned. 
Mr. Morris called attention to the necessity for holding 
the carbon in solution in this alloy. The heat-treatment 
that is necessary to secure this condition is to heat 
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the metal to 1850 deg. fahr. and cool it 
rather rapidly. Annealing is sometimes 
necessary because the metal work 
hardens so rapidly. Annealing at 1850 
deg. makes the material more soft and 
ductile than any other treatment; it 
brings the hardness down to 80 on the 
Rockwell B scale and gives a higher 
ductility by the Olsen cupping test than 
for soft steel. 


How Stainless Steel Is Welded 


We have found that the same alloy is 
most readily welded. The flames for gas 
welding must be neutral or slightly re- 
ducing to prevent oxidation, but the 
molten metal will absorb carbon from 
the gas if the flame is too strongly re- 
ducing, and the weld will be brittle. There will also be 
a region near the weld in which carbon is precipitated, 
under these conditions, where corrosion will soon set in. 
The use of a flux that is made especially for welding 
stainless steels is advantageous. 

This alloy is found to behave quite differently from 
ordinary steels in resistance-welding in that it does not 
have a range of temperatures within which it is plastic 
and weldable. Close control of the current is essential 
to keep the heat inside the narrow zone in which the 
metal is plastic. Too little heat fails to produce a weld, 
and a slight excess causes the material to melt way. 

Mr. Morris:—Any of the chromium stainless steels 
are suitable for temperatures from 500 to 1000 deg. 
tahr.; but care must be used under certain conditions 
if the steels are subject to prolonged duty within the 
range between 950 and 1000 deg. because they are liable 
to be as brittle as glass when they cool after such ser- 
vice. This condition can be avoided if the steel is oc- 
casionally heated to nearly but not over 1400 deg. 

L. W. ADAMS, JR.°:—Mr. Morris has said that welds 
in straight chromium steels are brittle. Will any 
method of heat-treating make them soft? 

Mr. Morris:—Welding chromium steel causes pro- 
nounced crystallization, and the weld is liable to be 
brittle. If the steel has a great degree of toughness, 
as chromium-nickel steels have, protection is afforded. 
Chromium-nickel stee] generally will stand a bend of 
180 deg., which you would hardly expect from a straight 
chromium steel. Heat-treating will help the ductility 
of straight chromium steels to some extent, and much 
use of the material in welded form can be made if its 
limitation are respected. 
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NCLUDED in the paper are recommendations for 

establishing wear tolerances as well as manufactur- 
ing tolerances for gages and definite periods for check- 
ing gages in service. Disposal of the manufacturing 
tolerance was discussed, and tables of tolerances rec- 
ommended by the American Engineering Standards 
Committee were presented. 

A study of the effect of gage wear and methods of 
inspecting gages, presented by a prominent gage engi- 
neer, leads the discussion which is presented here- 
with. 

Sharp disagreement with the basis of the A. E. 
S. C. system of tolerances is expressed by representa- 
tives of leading automobile manufacturers, and a 
tabulation of tolerances is presented, based on stand- 
ard reamer sizes, which have been adopted by both 


A. W. SHOOF’:—Wear of gages is important from the 
aspect of its effect on the fit of mating parts and upon 
gage-upkeep expense. Which of these two is of the 
greater import may be decided by the assembly de- 
partment or possibly by the customer for the product. 

Gages naturally wear in service, and it is equally 
natural that maximum wear life be sought. Again, re- 
ducing gage manufacturing tolerance rapidly increases 
gage-manufacturing costs and reduce gage-wear life. 

Before one can properly specify values for gage-wear 
tolerance and gage-manufacturing tolerance, it is es- 
sential that the system be definitely established by 
which product-manufacturing limits shall be controlled. 

The simplest system is that which requires product 
limits to be absolute and in which gages as well as 
product are maintained within the limits, as recom- 
mended by the National Screw Thread Commission. 
The amount of tolerable wear on gages is indicated by 
the tolerances for the parts which are to be assembled; 
it is not proportional to their nominal size. 

There are assemblies of three types: (a) those hav- 
ing some looseness, or positive allowance, under their 
tightest conditions of fit, as the N.S.T.C. Class 1; (b) 
probably most common, those in which the minimum- 
hole and maximum-stud dimensions are alike, as the 
N.S.T.C. Classes 2 and 3; and (c) interference fits, or 
negative allowances, in which at least some degree of 
tightness exists under the loosest possible conditions, 
as in the N.S.T.C. Class 5. 


Wear of Go Gages for Various Classes of Fit 


Type (a) is for assemblies which should be loose for 
purposes of economy or utility and is illustrated by 
Fig. 1. If the allowance has been proved to be critical 
as because of lubrication, temperature, or high-speed 





1This paper was published in the S.A.E. JOURNAL for November, 


1930, beginning on p. 553. The author is manager of the gage 
and reamer department of the Greenfield Tap & Die Corp., Green- 
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Wear Tolerances on Gages 


Discussion of E. J. Bryant's Production Meeting Paper’ 


210 


General Motors and Chrysler manufacturing units. 
Warning is given by a gage manufacturer against 
the dangers that gage tolerances may either increase 
the cost of producing work, because of making the 
manufacturing tolerances smaller than intended, or 
allow work outside the specified tolerances. He said 
that methods of inspection should be selected that will 
produce results that can be accurately duplicated. 

A parts manufacturer called attention to gaging 
problems arising from distortion of work after meas- 
uring, because of releasing casting, forging or chuck- 
ing strains. 

The author sees the need of two classes of limit, one 
based upon standard shafts and one upon standard 
holes. He emphasizes the fact that gages and tools 
are not an end but a means to an end. 


° 


conditions, control of Go gage wear must be rigid to 
prevent reduction of the allowance. 

Any wear of the Go gages in type (0) beyond their 
basic size will obviously permit parts to be accepted 
which will be unnecessarily and perhaps improperly 
tight in assembly, as indicated in Fig. 2. Therefore, 
the basic size for Go gages of this type should not be 
exceeded to a measurable degree, and we shall have to be 
satisfied with whatever wear we can get out of the 
manufacturing tolerance assigned to the gages. This 
type of fit requires recognition of the fundamental 
rule that the basic size forms the dividing line between 
mating part for interchangeability. 

In interference fits, type (c), excessive wear of the 
Go gages will tend to increase the tightness with which 
the parts will assemble. If this is acceptable, as it 
may be under some conditions, it is a clear-cut indica- 
tion that the Go limits have not been properly set. 
Fig. 3 shows this condition. 

Manufacturing tolerance for Go gages should be as 
liberal a percentage of the product tolerance as can 
be spared. 


Wear of Not Go Gages 


Wear of Not Go gages, which control the loosest-fit 
condition, is generally of importance only because it 
reduces the working tolerance. Not Go gages usually 
outlast the Go gages, but they will wear also if users 
frequently attempt to see how tight a fit they can man- 
age to make between work and gage. 

Use of worn Not Go gages for types (a) and (b) 
assemblies works a hardship on the manufacturing de- 
partment because of the reduced work tolerance and 
results in requiring the work to be better than the 
specified tolerances, because the mating parts are held 
closer to their nominal size by the amount of the gage 
wear. 

Not Go gages for interference fits, type (c), when 
worn beyond their scheduled wear limit, tend to in- 
crease the normal tightness of assembly, besides giv- 
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ing the machine operator more difficulty because of the 
reduced tolerance. 

Both Go and Not Go gages, by their rapidity of wear, 
reflect machine or tool condition as well as careless 
use. Very small product tolerances are conducive to 
gage wear, because of the natural desire to prove, for 
instance, that a hole is large enough to receive the Go 
plug and also that the Not Go plug can be made to go. 
Much depends upon the user’s judgment or instruction. 


Extension of Gage Life 

The practice of forcing gages during use is objec- 
tionable because of the resulting expense of frequent 
gage replacement and possible trouble from parts which 
will not assemble as intended. Machine operators and 
others who are working under pressure will take 
chances as to cleanliness of work and gage, and the 
temptation is ever present to prove that a Go gage will 


go, to pass the work. Theoretically, fixed or adjustable 


gages are best used by letting their own weight—or the 
weight of the work, if this is less—decide as to pass- 
ability. Such use of gages will extend their life meas- 
urably as compared to forcing the gages. The matter 
simply is one of paying the user to take more time for 
gaging, or to pay for more gages. Usually the latter 
is the cheaper course, and it is safe enough if proper 
gage inspection is maintained. The advantage of gages 
made of wear-resistant material is obvious unless their 
cost, because of material, will not be offset by an equiva- 
lent increase of service. 


Some of the harmful effects of gage wear are mini- 
mized by utilizing adjustable and indicating gages in- 
stead of solid gages whenever possible. Such gages 
permit frequent refinishing of worn contact surfaces 
without requiring more expensive replacement. Cer- 
tain types of indicating gage should be watched for 
other forms of wear, as in their mechanism, to pre- 
serve their original accuracy of amplification and regis- 
tration. 

Wear of master gages, which.are more properly term- 
ed check gages when they are used for checking the 
accuracy of working and inspection gages by direct 
contact, is also bound to occur. Fortunately, such wear 
is usually rather slow in becoming manifest, as check 
gages are ordinarily used by gage inspectors who 
know the value of cleanliness and care. It is diffi- 
cult to establish a wear limit for these gages other 
than to rule that any measurable wear beyond their 
normal low limit will justify scrapping, unless the worn 
surface can be renewed by some method such as 
chromium plating and refinishing. The actual permis- 
sible extent of wear tolerance on these gages again de- 
pends upon the rigidity with which product limits are to 
be obeyed and can only be determined by a knowledge of 
the actual conditions. 

Repairs of plain and thread plug and ring-gages for 
wear at the entering end or face may be made with 
unnecessary frequency. Slight wear is likely to be 
of little consequence unless close control of the size is 
required up to a shoulder or corner. When such a re- 
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quirement does exist, it is sometimes permissible to 
grind away the worn portion if the gage cannot be re- 
lapped and readjusted. Such grinding should prefer- 
ably not be across the entire face of the gage, as that 
might cause distortion of the gage by removal of the 
hard skin. 


Determination of Gage Wear 


Gages which perform their work with their externa! 
surfaces are best checked for wear by means of sensi- 
tive measuring equipment, such as a suitable measur- 
ing-machine or accurate micrometer. 

The value of the optical projector for finding the 
effects of wear, especially on thread-gages, should not 
be overlooked. 

Ring thread-gages are undesirable as checks for plug 
thread-gages, because their own accuracy is so difficult 
to determine. 

Wear-limit checks, or plug gages made to the wear 
limit of the ring or snap gages to be checked, per- 
haps are not used as much as they might be. Their 
use will save much of the time that would be required 
for obtaining size values by other and perhaps less 
certain means. 

Plain ring-gages and snap-gages are most conveni- 
ently checked by means of plugs, but some form of 
very sensitive and accurate measuring-machine will 
give better results if very small size deviations and 
out-of-rounders are being sought. This is particularly 
true in the larger rings in which differences of a few 
ten-thousandths are hard to feel with a plug. 

The optical flat is another inspection device of which 
more extensive use can well be made for determining 
gage wear as well as initial gage accuracy. Certain 
measuring-machines and comparators utilizing one or 
more microscopes also offer valuable means for gage 
inspection. 

It is inconsistent to establish limits and then to ex- 
ceed them because of gage-making or wear tolerances. 
I therefore believe that, when product limits have once 


8’ M.S.A.E.—Standards engineer, General Motors Corp., Detroit 
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been definitely established, they should be adhered to 
as closely as possible with the available measuring equip- 
ment. 

W. J. OUTCALT’:—At the request of David Ovaitt, I 
should like to register objection to the American Stand- 
ard tolerances for cylindrical fits, as tabulated in Mr. 
Bryant’s paper. The tool-standards subcommittee of 
the General Motors Corp. has spent considerable time 
in studying that, and has found it quite impracticable 
for our use. We have established a system of cylindri- 
cal-hole tolerances, which has been adopted also by 
Chrysler Motors, and are submitting it herewith as 
Table 1. The following is abstracted from the descrip- 
tion accompanying the table. 

Study of the committee made it apparent that the 
system of tolerances must permit the standardization of 
reamers, jig bushings and gages used in producing the 
holes. Neither the unilateral, bilateral or uni-bilateral 
system provides for the most economical method of pro- 
ducing the holes. A thorough study was made in the 
various plants of the Corporation, embracing 3500 holes 
up to 1‘2 in, in diameter, to determine how much over 
its own size a reamer will actually cut in various ma- 
terials under different conditions. 

It was found that, under normal conditions, a large 
majority of reamers produced holes less than 0.0007 in. 
larger than their own diameter, regardless of their size 
and the material being reamed. A system of six classes 
of tolerance was evolved, establishing the maximum 
hole at 0.0005 in. above each basic size in all classes. 
The minimum holes for the six classes are 0.0005, 
0.0010, 0.0015, 0.0020, 0.0030 and 0.0040 below the 
maximum. The application of the system to a 1-in. 
hole is illustrated diagrammatically in Fig. 4 herewith. 

No attempt has yet been made to establish standards 
for shaft diameter, which is left for the engineer to 
decide in each case. Frequently experiment is neces- 
sary for final decision, as the size varies with the kind 
of fit required, the material and the length. A change 
in shaft diameter after production has started causes 
little or no trouble, as it affects only adjustable tools. 

A new reamer made within the tolerance indicated 


CLASS NO. 3 
MAX.= NOM. + .0005 


MIN.=NOM, —.0015 
TOLERANCE = .0020 


CLASS NO. 2 


MAX.=NOM. + .0005 
MIN.=NOM. — .0025 
TOLERANCE = .0030 


CLASS NO. | 


MAX.=NOM. + .0005 
M1N.=NOM.—.0035 
TOLERANCE = .0040 


| 5 1.0005 1.0005 
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TABLE 1—GENERAL MOTORS CYLINDRICAL-HOLE TOLERANCES 








Class No. 6 Class No. 5 Class No. 4 Class Nou. 3 Class No, 2 Clauss No. 1 
Max. = Max. = Max. = Max. = Max. = Max. = 
Nominal Nom.+.0005 Nom. +.0005 Nom, +.0005 Nom.+.0005 Nom. +.0005 Nom. +.0005 
Size Min. = Min. = Min. = Min. = Min, = Min. = 
Nom. —.0000 Nom. —.0005 Nom. —.001 Nom. —.0015 Nom. —.0025 Nom, —.0035 


Tolerance = .0005 || Tolerance = .001 Tolerance = .0015 || Tolerance = .002 || Tolerance =.003 


Fraction} Decimal Max. Min. Max. Min. Max. 
14 -1250 .1255 -1250 


1255 | .1245 -1255 
542 .1562 1567 | .1562 -1567 | .1557 .1567 
"6 .1875 -1880 | .1875 -1880 | .1870 -1880 
Th2 
VY, 
%2 


.2187 || .2192 | .2187 || .2192 | .2182 || .2192 
- 2505 | .2500 || .2505| .2495 || .2505 


-2812 -2817 -2812 -2817 -2807 -2817 














It is recommended that the above sizes be pdhered to and 
specified wherever possible in designing production parts, jigs, 
fixtures or tools as these sizes permit the use of standard 
reamers. 

If sizes other than those listed above are necessary, standard 
fractional sizes should be specified, using as the maximum dimen- 
sion the nominal plus .0005. The minimum dimension should 
be specified as the ma\imum minus .0005, .001, .0015, .002, 
003, or .004 in accordance with the classes listed above, |lepend- 
ing upon the requirements 


in Fig. 4 may be expected to produce holes approximat- 
ing the maximum limit for all classes. As they become 
worn down, they may be transferred from the finer to 
the coarser classes. 

Experiments were made simultaneously with flute 


Tolerance = .004 





Min. Max. Min. Max. Min. Max. Min. 








-1240 1255 -1235 -1255 1225 «1255 -1215 
-1552 -1567 -1547 -1567 -1537 -1567 +1527 
-1865 -1880 -1860 -1880 -1850 -1880 -1840 


.2177 -2192 -2172 -2192 -2162 -2192 -2152 
-2490 -2505 -2485 -2505 -2475 2505 -2465 
-2802 -2817 .2797 -2817 -2787 »2817 +2777 


6 -3125 .3130 .3125 -3130 -3120 .3130 -3115 .3130 -3110 -3130 .3100 -3130 .3090 
1142 -3437 .3442 -3437 .3442 -3432 -3442 -3427 -3442 -3422 .3442 -3412 -3442 -3402 
Ay -3750 .3755 -3750 .3755 .3745 .3755 .3740 .3755 .3735 3755 -3725 3755 .3715 
iM -4062 -4067 -4062 || .4067 .4057 4067 -4052 -4067 -4047 -4067 -4037 .4067 -4027 
TAs 64375 -4380 -4375 || .4380 -4370 -4380 -4365 -4380 -4360 -4380 -4350 -4380 -4340 
1642 | -4687 | -4692 -4687 .4692 -4682 -4692 -4677 -4692 -4672 -4692 -4662 : -4692 -4652 
1% -5000 | -5005 -5000 | .5005 .4995 -5005 .4990 || .5005 -4985 -5005 -4975 -5005 .4965 
We | .5625 i -5630 .5625 | -5630 -5620 -5630 -5615 -5630 -5610 -5630 -5600 -5630 -5590 
544 .6250 || .6275 | -6250 || .6255 -6245 || .6255 | .6240 -6255 -6235 || .6255 -6225 -6255 .6215 
| | 

ite -6875 -6880 -6875 | .6880 -6870 .6880 .6865 -6880 .6860 -6880 -6850 -6880 -6840 
% -7500 .7505 -7500 .7505 -7495 -7505 -7490 .7505 -7485 -7505 -7475 -7505 -7465 
IM%. 8125 || .8130 -8125 -8130 .8120 -8130 8115 -8130 -8110 -8130 -8100 -8130 -8090 
i, .8750 .8755 .8750 .8755 .8745 .8755 -8740 -8755 .8735 .8755 .8725 .8755 -8715 
1S. .9375 -9380 -9375 -9380 -9370 -9380 -9365 -9380 -9360 -9380 -9350 -9380 -9340 

1 1.0000 || 1.0005 | 1.0000 || 1.0005 -9995 || 1.0005 -9990 || 1.0005 -$985 || 1.0005 -9975 || 1.0005 -9965 
1 “6 1.0625 || 1.0630 | 1.0625 || 1.0630 | 1.0620 || 1.0630 | 1.0615 || 1.0630 | 1.0610 || 1.0630 | 1.0600 || 1.0630 | 1.0590 
1% 1.1250 || 1.1255 | 1.1250 || 1.1255 | 1.1245 || 1.1255 | 1.1240 || 1.1255 | 1.1235 || 1.1255 | 1.1225 || 1.1255 | 1.1215 
1 %e 1.1875 i 1.1880 | 1.1875 || 1.1880 | 1.1870 || 1.1880 | 1.1865 || 1.1880 | 1.1860 || 1.1880 | 1.1850 || 1.1880 | 1.184@ 

i] : 
1% 1.2500 || 1.2505 | 1.2500 || 1.2505 | 1.2495 || 1.2505 | 1.2490 || 1.2505 | 1.2485 || 1.2505 | 1.2475 || 1.2505 |} 1.2465 
1% 1.3750 || 1.3755 | 1.3750 || 1.3755 | 1.3745 || 1.3755 | 1.3740 ||°1.3755 | 1.3735 || 1.3755 | 1.3725 || 1.3755 | 1.3715 
1% 1.5000 || 1.5005 | 1.5000 || 1.5005 | 1.4995 || 1.5005 | 1.4990 || 1.5005 | 1.4985 1.5005 | 1.4975 || 1.5005 | 1.4965 
1% 1.6250 || 1.6255 | 1.6250 |} 1.6255 | 1.6245 || 1.6255 | 1.6240 || 1.6255 | 1.6235 || 1.6255 | 1.6225 || 1.6255 | 1.6215 
1% 1.7500 || 1.7505 | 1.7500 || 1.7505 | 1.7495 || 1.7505 | 1.7490 || 1.7505 | 1.7485 || 1.7505 | 1.7475 || 1.7505 | 1.7465 
1% 1.8750 i 1.8755 | 1.8750 | 1.8755 | 1.8745 || 1.8755 | 1.8740 || 1.8755 | 1.8735 || 1.8755 | 1.8725 || 1.8755 | 1.8715 
2 2.0000 || 2.0005 | 2.0000 2.0005 | 1.9995 |} 2.0005 | 1.9990 || 2.0005 | 1.9985 || 2.0005 | 1.9975 || 2.0005-| 1.9965 
21% 2.1250 || 2.1255 | 2.1250 || 2.1255 | 2.1245 || 2.1255 | 2.1240 || 2.1255 | 2.1235 || 2.1255 | 2.1225 || 2.1255 | 2.1215 
2% 2.2500 || 2.2505 | 2.2500 | 2.2505 | 2.2495 || 2.2505 | 2.2490 || 2.2505 | 2.2485 || 2.2505 | 2.2475 || 2.2505 | 2.2465 
2% 2.3750 || 2.3755 | 2.3750 || 2.3755 | 2.3745 || 2.3755 | 2.3740 || 2.3755 | 2.3735 || 2.3755 | 2.3725 || 2.3755 | 2.3715 
2% 2.5000 || 2.5005 | 2.5000 || 2.5005 | 2.4995 || 2.5005 | 2.4990 || 2.5005 | 2.4985 || 2.5005 | 2.4975 || 2.5005 | 2.4965 
2% 2.6250 || 2.6255 | 2.6250 || 2.6255 | 2.6245 || 2.6255 | 2.6240 || 2.6255 | 2.6235 || 2.6255 | 2.6225 || 2.6255 | 2.6215 
2% 2.7500 || 2.7505 | 2.7500 || 2.7505 | 2.7495 || 2.7505 | 2.7490 || 2.7505 | 2.7485 || 2.7505 | 2.7475 || 2.7505 | 2:7465 
2% 2.8750 || 2.8755 | 2.8750 || 2.8755 | 2.8745 || 2.8755 | 2.8740 || 2.8755 | 2.8735 || 2.8755 | 2.8725 || 2.8755 | 2.8715 
3 3.0000 || 3.0005 | 3.0000 || 3.0005 | 2.9995 || 3.0005 | 2.9990 || 3.0005 | 2.9985 || 3.0005 | 2.9975 || 3.0005 | 2.9965 
Notes 


There are, .of course, applications in which special size holes 
are required such as sliding and press fits on the same shaft. It is 
obvious that, for the press fit, a smaller hole is required and the 
full tolerance up to .0005 inch above basic cannot be allowed. 
It is recommended in these cases to use a standard minimum 
dimension of one of the looser classes of fit and for the maximum 
dimension a minimum dimension of one of the closer classes. In 
doing this, standard gages can still be used and it wil] only be 
necessary to use reammers ground or worn to the size required 


shape and degree of spiral. Considerable benefit was 
found in the majority of cases in the way of longer 
reamer-life by substituting for the conventional radial 
tooth a hook of 7 deg. on the face of the tooth and in 
the way of smoother holes in the majority of materials 
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by a right-hand spiral fiate of 10 to 12 deg. For the 
softer materials a left-hand spiral of 8 to 10 deg. gives 
better results. 

Jig bushings for both drills and reamers have been 
standardized on the basis of nominal size for the mini- 
mum hole, with a plus working tolerance. With these 
standards and a corresponding standard for drills, all 
drills, reamers and bushings can be drawn from stock 
and used without fitting or lapping. 

Standard gages are necessary to complete the sys- 
tem. The gage blanks and handles are of the design 
worked up by the American Gage Design Committee. 
Seven gages are required for the six classes of toler- 
ance of any one size; one Not Go gage for the maxi- 
mum hole and one Go for the minimum of each class. 
That the shop may always work to the full limit, the 
original intention was to make a plus manufacturing 
tolerance only on the Not Go gage, but a split tolerance 
has been adopted pending a definite settlement of the 
question. The necessary allowance for wear on the 
Go gage automatically absorbs part of the working 
tolerance of the hole. If the Not Go gage is made 
smaller than the maximum limit of the hole, the work- 
ing tolerance will be reduced still further. Therefore 
the minimum of the Not Go gage should be the same 
as the high limit of the hole. 

Modern production-methods, as implied in high-pro- 
duction machine-shop practice, require that great econ- 
omy be practised with perishable tools. The system 
here outlined standardizes the hole, the reamer, the jig 
bushing and the plug gages, making is possible to stock 
all the tools in quantities. Other systems invite the 
use of special reamers, bushings and jigs. 

W. J. GOURLIE’:—The ability of the shop to produce 
work within closer tolerances than are required for 
satisfactory performance of the product is what permits 
allowance for wear on gages. Failure to heed this fact 
may result in either (a) increasing the cost of the 
product by an amount greater than that gained by low- 
ering the cost of gages or (b) producing work that is 
outside the tolerances specified. 

An example of (a) is the production of 25,000 parts 
at $1 each, using gages worth $50. It was found pos- 
sible to cut the cost of gages to $20 by reducing the 
workmen’s tolerance 25 per cent, to 0.0005 in. Because 
of the closer tolerance, the next lot of parts cost 1 per 
cent more, so that a net loss of $220 resulted instead 
of the anticipated saving of $30. Such a result may 
not always follow, but the example illustrates a point 
that is too often overlooked. 

Exceeding the product limits (b) results from a plus 
tolerance of Not Go plug-gages. This practice may be 
acceptable under some conditions, but it is highly dan- 
gerous when the product is sold and is subject to re- 
inspection by the customer. A single rejection might 
easily absorb the savings of several years in the cost 
of gages. 

Mr. Bryant’s point in regard to the finish of gaging 
surfaces cannot be stressed too strongly. A machine- 
lapped plug-gage will outlast a ground gage by an al- 
most unbelievable amount. All high-production jobs 
should be checked with gages having the smooth finish 
that only lapping can produce. 

*Gage division, Pratt & Whitney Co., Hartford, Conn. 


5See report of the National Screw Thread Commission, 
revised edition; pp. 184 to 192. 


®*M.S.A.E.—President, Parker Wheel Co., Cleveland. 
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Methods of inspection should be selected that will pro- 
duce results that can be accurately duplicated. The 
measurement of the pitch diameter of thread plugs 
furnishes a good illustration of this. Many methods 
of varying degrees of accuracy were in use for this un- 
til the general adoption of the three-wire method. 
That method has recently been made more specific by 
requirements recommended by the Bureau of Standards 
and adopted by the National Screw Thread Commis- 
sion’. 

Some of these newer requirements are: 

(1) A measuring pressure of not more than 3 lb. for 
threads of 20 per in. and coarser and 8 oz. for 
finer threads 

(2) All wires to be calibrated with exactly the same 
pressure as that at which the gage is to be 
measured 

(3) All wires to be calibrated when crossed over an 
0.750-in. roll. 

ORREL A. PARKER':—-Mr. Bryant has made reference 
in his paper to the temperature of the work and the 
flexibility of the metal. Another difficulty is found in 
distortion of the metal in relieving strains. For in- 
stance, bearing seats may be machined within very close 
tolerances in the wheel hub, and be distorted within a 
few hours from this cause. This distortion is accen- 
tuated if the hub is machined both on the inside and 
outside. I have known of cases in which a bearing 
seat that is within close tolerances as to circumference 
is elliptical to such an extent that a Go gage will not 
enter across the short diameter and a Not Go gage will 
enter across the long diameter, yet the hub can be made 
round again by the application of a clamp having a 
screw with a 2-in. wing. Pressing the race of a ball or 
roller-bearing into place also will make the hub round. 

Distortion of a part in the chuck has somewhat the 
same effect. Gages will pass the part while it is in the 
chuck, but will not pass it immediately after it is re- 
moved. Much difficulty from rejections may be solved 
by a thorough study of the distortion of a particular 
piece of work as a result of the relief of strains in 
machining. 

E. J. BRYANT:—Ever since the subject of standard- 
ization of limits has been discussed, two schools have 
existed both in this Country and abroad. One of these 
prefers to base its system on the standard hole and the 
other on the standard shaft. Standard-shaft specifica- 
tions are very desirable in some industries, particularly 
those using cold-rolled, cold-drawn or ground stock with- 
out machining. I believe that each practice has its 
field and doubt if one practice can become universal in 
industry. The practice established by the General 
Motors Corp. should be placed alongside that which is 
recommended by the American Standards Committee, 
as reported in my paper. 

Turning out work to the required specifications is the 
main problem; gages and tools are means to this end, 
and we should guard against considering them the end. 

Heat-treatment of gages has been mentioned. Much 
experimentation and great care has been expended to 
produce gages that are permanent. It cannot be said 
that anything that has yet been developed is definitely 
permanent, but gage manufacturers are now producing 
gages that are permanent within limits of a fraction of 
0.0001 in. Most gages are worn out before they have 
much time to change. 

(Concluded on p. 223) 





Aluminum Alloys 


Used in Commercial Motor-Vehicles 


Discussion of Frank D. Goll’s Transportation Meeting Paper! 


rMHE PAPER is confined to a discussion of alum- 

inum for commercial motor-truck bodies and tanks. 
Following a statement that commercially pure alum- 
inum is seldom used for structural parts except when 
alloyed with another element or elements such as cop- 
per, manganese, magnesium or silicon, and remarking 
upon new alloys available, the author considers the 
subjects of design, selection of a correct aluminum 
alloy for a particular purpose and like matters. 

The advantages of aluminum bodies as to weight 
saving, low maintenance-cost, residual value and bet- 
ter appearance, are stated also, as well as the special 
advantages applicable to certain types of body now 
in operation. The paper also treats aluminum motor- 


A. E. GRESHAM*:—The methods of fabrication, shop 
practices, and design values set forth in Mr. Goll’s paper 
have been strictly—and very successfully—adhered to 
in our plant for the last year in the fabrication of alu- 
minum-alloy products. Any manufacturer following 
the methods outlined should have no trouble in fabri- 
cating. 

I am very much in accord with Mr. Goll on the subject 
of corrosion. There has been so much said relative to 
surface and inter-crystalline corrosion of aluminum 
alloys that I find the average layman’s conception of 
this material for structural work has been considerably 
distorted by only a superficial perusal of the subject. 
The laymen seem to think of aluminum-alloy structures 
as being unstable. Some even go so far as to believe 
that such structures, if exposed to atmospheric condi- 
tions, actually will melt and run down the sewer. 

It is high time something was said relative to the 
inherent corrosion-resistance of aluminum alloy as com- 
pared with steel. In my opinion, if one-half the labor 
and material were spent upon aluminum-alloy structures 
that is spent on steel structures to protect them from 
atmospheric conditions, we should have practically no 
corrosion problems with aluminum. 

I regret that I cannot agree with Mr. Goll’s statement 
under the heading of “weight saving and its cost” 
that the fabrication cost of aluminum is the same or 
even less than that of steel. Later in the same para- 
craph he makes the statement that aluminum jobs, 
being of higher grade, rightfully received better work- 


1 The 


paper was published in the December, 1930, S.A.E. 
JOURNAL beginning on p. 637. Mr. Goll is a Member of the 
Society and engineer for the Aluminum Co. of America, New 


Kensington, Pa. The abstract that preceded the paper when it 
was published is reprinted for the convenience of the reader, and 
is supplemented by a brief summary of the discussion. 


2M.S.A.—.—Engineer in charge of aluminum-tank equipment, 
Standard Steel Works Kansas City, Mo. 


'M.S.A.E.—Manager of the motor-vehicle 


department, 
ard Oil Co. of New York, New York City. 


Stand- 


truck tanks in some detail, and presents numerous 
statistical data in tabular form. 

Comments on the methods of fabrication, shop 
practices and design values are made at the beginning 
of the discussion, and upon the relative cost of alum- 
inum and of steel fabrication. Experience had with 
aluminum tanks is stated by two discussers, and some 
of the factors relating to fabrication costs are enu- 
merated. Weight saving is brought out as a major 
factor that tire manufacturers are greatly dependent 
upon, and some further possibilities of saving weight 
are mentioned. In conclusion, some details of the ex- 


perience of one manufacturer of aluminum bodies is 
stated. 


manship and closer supervision. This is not logical. 
It is true that fabricated aluminum products receive 
better workmanship and closer supervision; conse- 
quently, the cost of fabricating is higher than if the 
product were fabricated from steel. 

After one year of aluminum fabrication in our plant, 
we find that the relative cost of aluminum and steel 
fabrication, including the price of material, runs from 
one and one-half to three times the cost of steel. In 
welded products this is due to the fact that aluminum 
must be gas-welded, while steel is electric-arc welded; 
and gas-welding is a much slower process. In the 
higher-strength structures such as under-frame and 
mountings for tanks, where high-strength aluminum- 
alloys are used, it is impossible to weld these products. 
It therefore becomes necessary for us to rivet them to 
maintain the high-strength material. If these products 
were fabricated of steel, they would be electric-arc 
welded. Consequently, the relative cost between arc 
welding of steel and riveting on high-strength alu- 
minum-alloy is much higher for the aluminum. How- 
ever, in all cases, we find that the weight saved by the 
use of high-strength aluminum-alloy more than justi- 
fies this high cost of fabrication. 

A. F. COLEMAN’ :—We had four aluminum tanks fab- 
vicated at about the time the tanks referred to by Mr. 
Goll were put on the market. Two were of the sep- 
arable-compartment type and two were made up exactly 
along the lines of the regular steel construction; that 
is, the wrapper sheet and the heads were welded to- 
gether and there was a separate strap welded over the 
two compartments, which construction, in effect, makes 
a one-piece tank. We have been watching those tanks 
in service for the last year with great interest, and 
have had no trouble from leaks from either construc- 
tion; nor have we had any structural failure in the 
tank itself. 


We have found that the carrying capacity of the side 
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racks is not sufficient to support the load. In other 
words, the bolsters were built along the same lines as 
the bolsters under the steel tanks, were constructed with 
the same factor of safety used in the balance of the 
tank, and apparently are not standing up under the 
load of the 5-gal. cans we carry in the side racks. We 
have had failures on the hold-down bands on three of 
the four tanks. We have not been able to determine 
whether these failures are caused by undue expansion 
in the tank, or whether it is just a structural failure. 
Another trouble we have encountered is a continual 
loosening of the bolts which hold the tank to the frame. 
Apparently, the nuts which hold down these U-bolts cut 
into the aluminum or wear the aluminum, allowing 
them to loosen. As yet, we have found no means of 
keeping these tight. 

Bumper bars on the rear of the tank have failed, we 
think, much more easily than the ordinary bumper bars 
have. We have had a number of bent bars on the alu- 
minum tanks. Also, we had one failure of piping under 
the tank due to backing a faucet into a platform. I 
believe that would not have occurred with steel piping. 
We are watching the aluminum tank with particular 
interest because it appeals to us as an economic means 
of transporting our products. 

My only thought in making these constructive criti- 
cisms is because it may be necessary for us to adopt 
some different practice in the manufacture of aluminum 
tanks, other than that used for the steel tanks. Every 
other feature on an aluminum tank seems to perform 
just as satisfactorily as did the steel tanks. We have 
no trouble due to valve operation, manhole covers, or 
other features. One additional complaint was that the 
doors on the bucket box are perhaps not flanged as well 
as they should be, or perhaps the flange is not deep 
enough and there has been a tendency for the door to 
warp. 

Fabrication Cost Considered 

F. C. BUCHANAN‘ :—We have been very much inter- 
ested in the development of the aluminum-tank body. 
I believe I can endorse most of what Mr. Goll stated in 
his paper; but I am inclined to agree with Mr. Gresham 
in the exception his company took regarding the cost of 
fabrication. It is true possibly that lack of experience 
in making tanks or other bodies of aluminum on the 
part of all, including Mr. Goll’s company, will justify 
and explain the extra cost. Later, this probably will 
be reduced when arc welding is a little more perfected 
and other short-cuts to the same result are brought out. 

Viewpoints on Weight Saving 

A. M. Wo.uF’:—Regarding the saving of weight, in 
the case of the-Auto Truck Equipment Co., Pittsburgh, 
in which a 5-cu. yd. steel-body was replaced with a 6%- 
cu. yd. aluminum-body, Mr. Goll showed the economics 
of carrying extra payload in view of that saving. In 
my paper on Practical Tractive-Ability Methods’, I used 
some of his figures to show what the use of aluminum 
means in regard to giving better performance when 
keeping the total weight at the same figure. The truck 





4A.S.A.E.—Sales Engineer, Columbian Steel Tank Co., Kansas 
City, Mo. 


5 M.S.A.E.—Consulting automotive engineer, New York City. 

See S.A.E. JOURNAL, December, 1930, p. 655. 

7M.S.A.E.—Development department manager, Firestone Tire 
& Rubber Co., Akron, Ohio. 

8 Superintendent of automotive equipment, Rieck McJunkin Dairy 
Co., Pittsburgh, Pa. 
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with the steel body has a tractive factor of 0.048. How- 
ever, a 5-cu. yd. aluminum-body will make a saving of 
2000 lb. When the gross weight is reduced 2000 Ib. we 
get a tractive factor of 0.053, or a gain of 10.4 per cent. 
In other words, if the payload is not increased, with an 
aluminum body, we get the equivalent of installing an 
engine having a 10.4 per cent greater ability in power 
output. 

JAMES E. HALE’:—Probably, of all people connected 
with the automotive industry, the tire manufacturers 
have weight on their minds and have had it there ever 
since they have been operating. Fundamentally, our 
problems in rendering service are more wrapped up in 
weights, and in loads on the tires, than in any other 
characteristics of motor-vehicle operation. Our method 
of making showings are all based on trying to reduce 
the load on the tires. It seems as though we never 
finish the job. We are always facing the necessity for 
urging someone not to overload the tires. On the other 
hand, the operators are naturally interested in carrying 
as much payload as they can on any given vehicle; 
hence, from a rubber-manufacturer’s viewpoint, this 
move to use material of lighter weight in any part of 
the vehicle intrigues the manufacturer to a very great 
extent. 

As I see it, there is a great opportunity to present 
this weight saving of materials in many different forms. 
I think Mr. Goll is to be complimented on the method he 
used in applying the cost figures; but there are prob- 
ably some other ways in which it could be presented 
that would strengthen his case still further. 

Possibly there is some benefit in the fact that coal 
trucks, for instance, that are on return trips, are con- 
siderably lighter than they would be if they had the 
steel bodies. That must result in some saving. I know 
that it means some saving on tires, and it must mean 
some saving on gasoline and for the parts of the vehicle. 

Why should this matter be confined to the bodies? I 
have had no occasion to check this; but what about the 
trames, fenders and axles, wheels and rims, and similar 
parts? Iam particularly anxious about the weight sav- 
ings possible in wheels and rims, in regard to favoring 
the tire equipment. Tires are expensive and anything 
that can be done to increase the life of tires by reduc- 
ing the weight they carry is meritorious. 

Concerning motorcoach-body construction, the atti- 
tude of the road and highway commissioners in Mis- 
souri is drastic. They wanted to rule some of the 
coaches off the highways because they exceeded the 
legal limits. 

F. D. GOLL:—Aluminum frames, fenders, wheels and 
axles are being tried experimentally; it costs more to 
save weight here than on the body, and only in cases 
where the operator insists on the ultimate in reduced 
weight have the cost figures been really interesting to 
him. The rear wheels and the axles are more or less of 
an experiment, but they will come as soon as the truck 
operators insist upon having them. 

E. A. CLARK*:—We have four aluminum bodies in 
the wholesale milk-service. and are now experimenting 
with aluminum bodies for the retail service. I calcu- 
lated that a driver could haul about 84 qt. more milk 
because of the saving in weight, which would mean 
that we could serve 84 customers more each morning. 
That is about a 400-lb. saving, and this is in the retail 
service. We cannot save so much on the small bottles, 
but even that would be worthwhile. We have ordered 
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four retail-trade aluminum-bodies; if they are success- 
ful, probably within the next 18 months we will have 
60 of them on 11'2-ton chassis. 

As to the tire proposition, we are successful with the 
standard-sized tires without using a tire that is really 
too big. In other words, we are using a 6.00-in. tire 
instead of the 34 x 7-in. size that we should have ac- 
cording to specification. With this aluminum body, we 
can get by with the smaller size of tire; it is a direct 
saving, and the saving we make on tire mileage is one 
of the considerations. 

I have wondered why more effort is not made by the 
manufacturers of chassis to reduce the weight. Some 
years ago I drove a frame and a rear axle that were all 
aluminum. They weighed 2200 lb. as compared with 
3100 lb. for steel, and the car was practically of the 
same size. The car mileage was much better on the 
old basis than on the new. But the manufacturers 
have abandoned that construction now. I think it is a 
matter of cost with them. 

Mr. GOLL:—Yes; principally. 


Further Operating Experience 


CHAIRMAN J. F. WINCHESTER’ :—At about the same 
time that Mr. Coleman ordered aluminum tanks, our 
company ordered some. We have put about 30 into 
service since then, within the last year. In addition, 
we have built a large number of aluminum bodies. 

The development of aluminum motor-vehicle-tank 
construction has perhaps been delayed because certain 
people felt that such vehicles were distinct hazards on 
the American highways; but a subsidiary company of 
our company that operates throughout Norway and 
Sweden has used aluminum tanks exclusively for the 
last 5 to 7 years. While talking with our foreign gen- 
eral manager, who was in this country recently, he 
stated that his equipment superintendent had brought 
to his attention no failures that he considered worth 
setting forth as being distinct hazards. 

In our own operation, the saving in weight has been a 
very material one. To a certain degree, it depends on the 
type of body and on the type of tank truck that one 
uses. Engineers feel very much the same as they felt 
10 years ago about substituting the welded steel-tank 
for the riveted steel-tank. They thought we were tak- 
ing unnecessary chances. We began building welded 
tanks, and had some minor failures; but those who have 
observed tanks know that they are hauling gasoline 
very satisfactorily with all-welded tanks today, and but 
few would consider a return to the riveted type. 

In connection with aluminum material, probably some 
failures will be encountered. I cannot say that the 
tanks that we have received have been altogether per- 
fect. On the other hand, we must take into considera- 
tion the fact that we have increased the payload on 
some of these vehicles an average of between 16 and 
20 per cent, and in some cases, the same payload is car- 
ried on a very much lighter chassis, thus making an 
original saving in chassis cost. As Mr. Hale stated, to 
a certain degree vehicles operate light approximately 
50 per cent of the time; that is, they return to the sta- 
tion for another load. The result is favorable toward 
decreased tire and decreased chassis-upkeep. If the 
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body is properly built no doubt exists in my mind that, 
over a period of time, the saving will be great. 

Our experience with aluminum to date has been very 
satisfactory. With the careful study that is being given 
to the economical use of motor-vehicle equipment today, 
I am certain that the aluminum body has an outstand- 
ing place in the petroleum industry. 


Manufacturer’s Experience Stated 


A. M. HAUBER”:—wWe realized several years ago that 
the reduced gross-weight of motor-trucks and bodies 
would become an important factor, as the real purpose 
of a motor-truck is to move payload; but nobody seemed 
to give this point much thought. Railroad engineers 
calculated on how to eliminate grades, straighten out 
curves and build locomotives large enough to haul 100 
loaded freight-cars, never once giving a thought to re- 
ducing the weight of the railroad cars. 

After having experimented with building aluminum 
into almost every kind of truck body that is used for 
hauling—excepting aluminum tanks and including a 
fleet of 18 dump-trucks for hauling coal as well as a 
fleet of 20 trucks equipped with insulated panel bodies 
for hauling milk in cans—we found aluminum to be a 
perfect substitute for steel in any type of body if con- 
structed properly. The weight was reduced approxi- 
mately one-third to one-half, depending on the amount 
of body hardware used, which would be the same in 
bodies built of any other material. There is a great 
saving in weight in aluminum dump-bodies. A dump 
body built of steel weights 2400 lb.; but if built of 
aluminum, using the same tailgate mechanism, it weighs 
only 950 Ib. 

We were unable to locate a fleet owner who had cost 
records which would enable us to determine just what a 
100-lb. saving in weight meant in dollars and cents; 
but our investigation showed that, when times are nor- 
mal, a price is added in proportion to the distance coal 
is hauled. A truck can make 8 trips per day traveling 
the distance for which a hauling charge of 75 cents per 
ton is made. Naturally, if a ton of steel body-weight 
is eliminated, and an extra ton of payload is carried, 
the company gets an additional 75 cents eight times per 
day, or $6. A coal company no doubt makes a profit 
of 25 cents per ton on the additional 8 tons, or $2. 
Charges are based on cost and where there is a charge 
of 75 cents per ton, haulage would no doubt cost 50 
cents. But to be conservative, we will say that a truck 
on the return trip which is lighter by 1 ton makes a 
saving of 25 cents eight times per day, or $2. There- 
fore, with no additional expense, the owner would in- 
crease his revenue $8 and make a saving of $2, or a 
total earned with the same investment of $10 per day. 
On this basis, an aluminum body will pay for itself 
every six to nine months. 

Thus far, we have had no failures. Aluminum bodies 
we have built have been in service longer than two 
years, doing every kind of work. They have proved to 
us that they more than justify the extra cost. We have 
had cases where slight repairs were necessary, just as 
we have had with wood and steel bodies. In every case 
the trouble could be traced to a mistake in estimating 
the necessary strength, to faulty workmanship, or to 
abuse. 

One unique case of trouble occurred in which an 
owner used a certain kind of soap in washing an alumi- 
num body daily; the soap in some way got between the 

(Concluded on p. 233) 
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KETCHING motor-vehicle-transportation develop- 
\7 ment, since the World War, inclusive of the large 
fleets of passenger and freight vehicles operating both 
locally and across country, the author says that we 
have seen automotive transportation grow from a 
local institution into a nation-wide one and automo- 
tive transport relieve the short-haul problem of the 
railroads, expanding into long-haul traffic for perish- 
able goods and into motorcoach traffic for passengers. 

The executive personnel with experience along 
transportation lines naturally was drawn from the 
steam and the electric railroads; but while it is true 
that its members had wonderful training in the han- 
dling of passengers and freight, and in meeting with 
officials of State and Federal regulatory bodies, they 
did not have the knowledge, training or experience 
for handling the independently operating self-con- 
tained motor-vehicle with its many and unique prob- 
lems. The operating personnel had to be found and 
trained. How was it to be trained and along what 
lines was this necessary training to be given? The 
motorcoach operator had to have the qualifications of 
a salesman, conductor, driver and mechanic and, in 
addition, certain physical and mental qualities for the 


S. M. UDALE’:—I note the absence of Spanish, Por- 
tuguese and French from the courses given. Since it is 
likely that there will be some foreign trade in South 
America, Spanish and Portuguese would be beneficial 
tc men who become employed in it. A knowledge of 
French would enable men to understand the French 
trade-papers, which are well worthwhile from a trade 
viewpoint. 

The general criticisms I offer of all similar courses 
in this Country is that they seem to be directed specifi- 
cally toward caring for inadequately prepared high- 
school graduates. Far too many students are accepted. 
In the European university from which I graduated a 
three-year course was offered; but the entrance re- 
quirements were very severe. Provided that half of 
the present freshman classes were eliminated from most 
of the schools under discussion, I think that a three- 
year course would cover the needs of the situation. 

If rural districts cannot maintain the high-school 
standards of the large city, then they must send their 
pupils to some large city to take the final year at a 
high-school there. 

Pror. J. W. TRIMMER:—Mr. Udale’s criticism is a 
good one. However, entrance requirements are sup- 
posed to cover the question of including foreign lan- 
guages. We cannot specify that a student entering 
our school shall have a knowledge of French, German, 


1M.S.A.E.—Professor of automotive engineering, Carnegie In- 
stitute of Technology, Pittsburgi.. Pa. The paper was published 
in the November, 1930, issue of the S.A.E. JOURNAL, gebinning on 
p. 541. For the convenience of readers, an absteract of the paper 
and the discussion is printed herewith 
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proper operation of the vehicle. The repair personne] 
had to be trained along new lines in the repair and 
upkeep of the vehicles if operation was to be econom- 
ical and safe. The author then outlines and comments 
upon the valuable training course available at the 
Carnegie Institute of Technology. 

Questions are raised in the discussion as to the 
desirability of including foreign languages in the 
courses of the Institute, and the difficulties of doing 
this are outlined. Professor Trimmer states that the 
courses are intended to cover transportation as a 
broad subject, without specializing in any one phase 
in particular. 

Difficulties encountered in placing graduates in 
commercial positions are cited, and the attitude of 
graduates in general is criticized in that many do 
not wish to begin in subordinate or menial capacities. 
Various outlines of the schooling practices in vogue 
among large organizations in dealing with graduates 
from the various educational institutions are given. 


Spanish and the like; but we accept a foreign language. 
For those who have no foreign language to offer as an 
entrance qualification, they must add that to their 
course so as to pass the entrance examination. 

It is quite true that high-school graduates are, as a 
rule, less well prepared for college than they should be. 
For this reason it is difficult to spare the time needed 
to teach modern languages in college. Many factors in- 
terfere with the laying out of a curriculum such as I 
have outlined. The high-school graduates lack in sub- 
jects of the liberal arts and these subjects are taught 
in college to the exclusion of science subjects. 

If allowed to do so I could easily tie in three or four 
more main subjects with my course. But I cannot do 
this because the authorities feel that more refinement 
must be given to this education in regard to sympathy 
for fine art, nature and so forth, so that, when it comes 
to having the boys get their hands soiled while taking 
the hard and practical courses, one course must be 
robbed to pay for the other. 

PAUL P. PIERCE’:—Is a course in drawing included? 
Is the course in typewriting necessary? 

PROFESSOR TRIMMER:—In the freshman year a course 
is given in descriptive geometry; in the junior year, 
under the head of mechanism, kinematic drawing is 
given; in the senior year, under the heading of machine 
design, the students are required to design a given 
machine and to turn out finished working-drawings of 
that machine. The engineering drawing and descrip- 
tive geometry given in the freshman year consist of a 
one-hour lecture and six hours in the laboratory. In 
none of my courses do I demand that the student turn 
in his reports typewritten, although many of our 
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courses are given by lectures and the students must 
turn in their notes in typewritten form. 

Mr. PIERCE:—Does the course in electrical engineer- 
ing in the senior year cover both alternating-current 
and direct-current practice? 

PROFESSOR TRIMMER:—Yes, but it is not an electrical 
engineering course. It is a good sound grounding on 
alternating-current as well as on direct-current ma- 
chinery. 

Elective Course Advocated 


A. H. GOSSARD':—It seems that at some time during 
the senior year, or possibly in the junior year, a di- 
vision point should be established so that the student 
can decide what field of automotive operation he would 
like to enter after graduation. In railway operation, 
the divisions are management, engineering, traffic, and 
operation. The commercial side of the automotive pic- 
ture will, in time, I believe, require these same di- 
visions. At present, very little stress is laid upon 
them. 

I do not find any training regarding traffic control 
specified in Professor Trimmer’s course, and I think 
such training is important because, from the commer- 
cial standpoint, rates, schedules, and the like become 
important factors. 

PROFESSOR TRIMMER:—lIt would be very difficult to 
establish a division point where the student could take 
up some specific subject that would train him into a 
certain division of fleet operation. The college I at- 
tended had nine major options, I took eight of them 
because I had certain credits that permitted me to do 
so. When I left college and went to work, the work 
related to the one option which I did not take. The 
same is true of men who elect automotive-service man- 
agement as a course. A peculiar fact is the reluctance 
on the part of the motor-transport operators to take a 
college-trained man into their business. There is that 
reluctance. I do not know why. The greater portion 
of the men who have taken our course and then gone 
into a job have connected themselves with accessory 
manufacturers and they are making good. But only 
one man has gone into motor-vehicle operation, after 
having been out of college for a year. 

Although the paper does not specifically mention the 
establishment of rates and the like, under the auto- 
service-management course I lecture to the students in 
the second semester of the senior year on these sub- 
jects and other kindred ones. We cannot subdivide and 
mention all of the details of the major topic that is 
named. Under Auto-Service Management, which is a 
unit course, three hours each week are devoted to plant 
visits. In Pittsburgh, industry is very diversified and 
the students can be taken to visit various plants as 
seems most advisable. For example, we have the 
Pittsburgh Motor Coach Co., the Equitable Auto Co., 
service stations of the various companies, and the in- 
dependent garages. 

Mr. GossArRD:—As to the future, we will have to 
draw our automotive-transportation traffic-men from 
among those who have had railroad-training experi- 
ence, or from some school that specializes in traffic 
management or traffic training. 


‘M.S.A.E.—Manager of the automotive department, Middle West 
Utilities Co., Chicago. 





5’ M.S.A.E.—Superintendent of bus transportation, United Rail- 
way & Plectric Co. of Baltimore, Baltimore, Md. 

6 Engineering assistant to vice-president in charge of operation, 
Mitten Management Inc., Philadelphia. 


PROFESSOR TRIMMER:—We try to cover transporta- 
tion as a broad topic and not as a specific course in 
traffic training. We could not very well specialize in 
traffic conditions because it is likely that the operators 
of motor-vehicles would be reluctant to employ a grad- 
uate who they feel is just “a fresh college kid.” 

ADRIAN HUGHES, JR.’:—I feel that Mr. Gossard’s sug- 
gestion is important. It should be recognized that all 
college courses do not turn outa finished product. 
They merely teach the young men how to use the tools 
at hand; then these men must get a job and learn what 
to do with the tools they have. If a man takes a course 
in engineering, he must enter a business so as to apply 
his knowledge. The course outlined does not seem to 
me to contain enough teaching that would train a man 
so that he would be eligible as an employe of a trans- 
portation operating-company. 

The course seems to stress “service” particularly, or 
the maintenance of motor-vehicles; but the transporta- 
tion field is becoming more and more complicated and 
I think it has room particularly for college-trained men. 
There may be a reluctance on the part of an operator 
to employ such a man at present, but in many instances 
this is caused by the applicant in that he virtually ap- 
plies for an executive position and does not want to 
learn the business from the ground up as dispatcher, 
for example. 

In the transportation field, the business depends upon 
laying out the service scheduling, getting business from 
the public, knowing how to sell the business to the pub- 
lic and how to get the revenue. Trained men are 
needed for this. Thus far, it has often been necessary 
to call on men who have had such experience in the 
electric and in the steam-railway field. These men, in 
such service, practically have had a course in economics. 
A very important part of economics is getting the 
revenue; I think this is a point that perhaps should be 
considered more seriously. 

PROFESSOR TRIMMER:—We had a course up to and 
including 1929 called ‘‘fleet operation,” but this is now 
combined with the auto-service-management course and 
the same instruction in fleet operation is still given in 
the course just mentioned. It is a lecture course of 
2 hr. per week and is devoted in the senior year to 
all phases of fleet operation that can be covered in the 
time allotted to it. 

Mr. UDALE:—Possibly there is opportunity to help 
break down the resistance against graduates who try 
to sell their services to transportation companies in 
that the course might be sandwiched in over a six-year 
period. The transportation question is largely a matter 
of practical psychology which a man does not get in a 
college atmosphere. Nothing there would give him the 
knowledge that would bring revenue to transportation 
companies. 


“Cadet” Training Outlined 


H. B. HEWITT’ :—We have an arrangement with one 
of the colleges so that its students work in our shops 
in teams of two men each for three months. At the 
expiration of three months the team-mate in the shop 
returns to college and the team-mate in the college 
goes to work in our shops. Some of these men are 
studying mechanical engineering and some electrical 
engineering. Their work is passed upon by a foreman 
and by the division manager. When these men com- 
plete their course in the college, a certain number are 
employed as cadets. 
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A cadet goes through all the departments of the or- 
ganization. After he has completed his cadet course, 
he is given certain responsibilities. If he fulfills them, 
he can work his way up through the organization. In 
Buffalo, some of these men have risen from the ranks 
and have become division managers. 

The particular advantage of our plan is that the old- 
time employes are thus associated with younger men 
possessing technical. knowledge which is of great value 
to the older employe. When an older employe wants 
to know, for instance, why certain parts must be held 
to certain tolerances, the student can answer intelli- 
gently. 

Mr. PIERCE:—When your students visit various 
plants are they required to make written reports which 
give some indication of what their conception of these 
plants is? 

PROFESSOR TRIMMER:—Yes; and sometimes they are 
required to turn in a floor plan and also to give reasons 
why it is a good or a bad plan or to make recommen- 
dations for changes in that plan which will improve it. 
I criticize and grade these reports and, just previous to 
a plant visit, I talk to the students about the plant se 
that they will be alert in observing its special features. 





service. Frequently, someone in the railroad, the elec- 
tric railway or the so-called independent-operating 
field approaches me in regard to getting a man who 
understands this subject, one who is experienced in this 
field. Professor Trimmer is doing a lot toward educat- 
ing men in motor-vehicle transporation and it is good 
as far as it goes; but I would like to see the course 
carried further and the students given some of the 
practical side of the business. That is an acid test. 
No matter how much technical training a man re- 
ceives in college, in the last analysis he must start at 
the bottom and learn the game from the ground up 
from the practical side. 

Some applicants expect to start in a position about 
half-way to the top of an organization. If they are 
told that they must begin at the bottom at say $100 
per month, they reply: “I cannot live on that. I must 
get $200 to $300 per month.” 

The motor-transport business is one of the toughest 
I know. One must know what he is doing and how to 
do it. In the last analysis practical experience is ab- 
solutely essential to success, and at least some of that 


phase of motor transportation should be taught in the 
colleges. 





Scientific Motor-Vehicle Application 


F. C. HORNER’ :—For several years I have had the 
privilege of lecturing to the classes of Professor Cun- 
ningham of Harvard; of Prof. James J. Hill of the 
Harvard Business School; and to those of Professor 
Wilson of the University of Pennsylvania, on this gen- 
eral subject of automotive education. As 
I come into contact with motor-transport 
operators and with the men who are 
looking for jobs in that field, the point 
that stands out in my mind is that there 
is a great dearth of men who under- 
stand the scientific application of motor 
transport, whether it be that of passen- 
ger or of freight transportation. 

The criticism that I would make of 
what the colleges are doing is that they 
are not concentrating enough on the ap- 
plication phase of the subject. Operat- 
ing men know that they can get fairly 
good maintenance-men if they search for 


them and are willing to pay enough 
money for them. But men who really 
understand the science of applying PRroF, JAMES 
motor transport to haulage require- 


ments are very difficult to find, and this is the real 
problem with which we are faced. We must take 
a motor-truck, or a fleet of motor-trucks, or motor- 
coaches, and apply them scientifically so that they can 
transport either passengers or freight in an economic 
and efficient manner and give efficient service; this is 
the big nut which we must crack in educating our 
young men for the field of motor transportation. 

I strongly recommend to Professor Trimmer, as I 
have done to the professors in other colleges already 
mentioned, that he concentrate on giving his students 
as much opportunity as possible to understand the 
science of applying motor-vehicles to transportation 


7 M.S.A. E.—Assistant to the vice-president, General Motors Corp., 
New York City. 
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Operators’ Attitude Toward “Cadets” 


CHAIRMAN C. F. KELLS*:—What is the attitude of the 
large-scale operators as to their present practice re- 
garding “cadet courses,’ naming them that? If they 
have not conducted those courses particularly for col- 
lege-trained men, why have they not? 

Mr. HUGHES:—Our company has done 
nothing very definite toward trying to 
get college men into the transportation 
industry. I. do not know just what can 
be done. We cooperate to some extent 
with Johns Hopkins University, but not 
in such a direct way as Mr. Hewitt de- 
scribed for his company in Philadelphia. 

Some difficulties lie in the way. These 
should be recognized and handled by the 
managements of transportation com- 
panies; that is, by the people who con- 
trol the money and the policies of the 
company. There should be some way of 
getting these technical men into the in- 
dustry, but they then must have some 
incentive. Further, they must expect to 
start at the bottom, and should be made 
to understand this; but after having 
started at the bottom, there must be some opportunity 
to progress, both in responsibility and as to the 
remuneration that they receive. This is a matter that 
must be handled by the management, and probably it 
is a bit difficult. 

CHAIRMAN KELLS:—Will Mr. Hewitt amplify his de- 
scription of the cooperative course in his company, 
stating the results obtained and answering the ques- 
tion Mr. Hughes has raised regarding the future pos- 
sibilities, and whether the positions that are offered 
are not sufficiently attractive to the young men? 

Mr. HEWITT:—The incoming students are placed in 
the shops as they apply and qualify, and are rated as 
second-class helpers. At first, the other employes wanted 
students to start as car-washers and greasers; but, 
although we wanted them to see things and get their 
hands dirty, we thought that was too far down the 
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scale. Therefore, we started them as_ second-class 
helpers and paid them a special rate of 52.5 cents per 
hr. After these students had graduated, it is my 
impression that those who were selected to come into 
the company as cadets were paid $125 per month. 
These cadets work themselves ahead. They took and 
still take their chance with the other men in the or- 
ganization, and depend upon their own ability to work 
and to get themselves better jobs. We do not attempt 
to do more than give them an entrance into our or- 
ganization; after that their progress is all up to them. 

P. V. C. SEE’:—Our company has a somewhat similar 
practice with regard to students. We have always em- 
ployed six or seven pairs of students from Akron Uni- 
versity. Under the present arrangement, they work 
six weeks in the shops and six weeks at 
the University. 
that, when these students graduate, in 
most cases we have no openings for them 
as regular employes even though they 
might have been working for us 
throughout their entire course. At pres- 
ent, I have in my employ an engineer 
who is a graduate of the University; but 
in most cases we have not been able to 
employ graduates. 

M. F. STEINBERGER™ :—lIllustrative of 
the way in which some of these students 
approach what one might term an oppor- 
tunity job: in one case, after I had noti- 
fied the dean of an important engineer- 
ing school that I needed two men for 
special work during two months of the 
summer vacation, a bright-looking young 
chap showed up. I outlined the work he would have to 
do and told him that he would have to work 12 hr. on 
some days and on others 14 hr., and that he might also 
have to work every Sunday. He agreed to this. Out of 
curiosity, after I had decided that he would be accept- 
able I said: “Now young man, how much do you think 
the railroad ought to pay you for this particular work?” 
He replied, “I wouldn’t work for anybody for less than 
$300 per month.” My answer was that he would have 
to be with the railroad a long time before he could 
get $300 per month. I fear that this is the attitude 
in which many students approach the opportunities 
that come their way. 

In another instance we tried to choose some men as 
carefully as possible and found that one difficulty was 
a somewhat superior attitude on their part. We em- 
ployed some of them on the platforms where they 
were supposed to do truck-freight work, but they did 
not want to get callouses on their hands. They spread 
the impression that they were simply in a temporary 
position and that they soon would be bossing the other 
men. This attitude created considerable confusion and 
discontent and the plan did not work out well. If 
in some way the college students could get the right 
attitude toward work firmly established, that is, that 
they expect to start at the bottom and take their 
chances with the other men, I think they would pro- 
gress more rapidly and would be promoted much more 
quickly. 


® M.S.A.E.—Vice-president and general manager, Akron Trans- 
portation Co., Akron, Ohio. 


10 M.S.A.E.—Manager of highway transportation, Baltimore & 
Ohio Railroad Co., Baltimore, Md. 


11 M.S.A.E.—Field engineer, United States Rubber Co., Detroit. 
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B. J. LEMON” :—We have had somewhat the same ex- 
perience with university students. Numerous pairs 
of them work in our factory. In one case in which we 
wanted a man in the aeronautic department, we in- 
terviewed eight students. Five of them were accept- 
able to us from the basis of the course they were tak- 
ing in the university, but we found that our work was 
not acceptable to any of the students. The job was one 
of following tires through the plant and calling upon 
the aeronautical trade. It was a good job, but did not 
pay much to start with. It was not a dirty job and 
has since developed into a very desirable job; but at 
that time it was not acceptable to the students. I feel 
that students are not willing to start at the bottom 
and work their way up by promotion; and that they 

do not want to do what everyone else 
er must do to get a start in any branch of 
any industry. 

The student to whom I refer is the 
student who spends part of his time in 
industry and part in college. In -indus- 
try he meets men who are doing mechani- 
cal work and who are receiving high 
wages. When such a student graduates 
from college, he rather expects to step 
up to that high wage-rate. I think that 
students who spend four years in a uni- 
versity are willing after graduation to 
start in at a wage lower than that which 
is expected by the student who has spent 
part of his time in the industry and has 
learned that good workmen can earn 
large wages. 

PROFESSOR TRIMMER:—Mr. See has 
stated that he had students from the University of 
Akron working in his shop, but he did not say whether 
the students were good workmen or not. Further, he 
said that after these men completed their university 
course, he had no definite position to offer them. Mr. 
Horner mentioned that men who understand transpor- 
tation are not available; but, after communicating with 
several branches of the General Motors Co. and having 
their representatives come to the Institute and look over 
our prospective graduates, one representative asked a 
student: “Are you a finished automobile mechanic?” 
Of course the student answered “no,” and was told by 
the representative “then we do not want you.” 

Applications were sent to Mr. Hewitt’s office in Phil- 
adelphia, and the reply received was to the effect that 
“our course is all filled up. We will put your name 
cn file. When there is room for you we will call on 
you.” That was four years ago and there has been no 
call from that source since. 

I think that, to a great extent, the trouble with the 
maintenance and operating executives is that they do 
not want to employ anybody until they actually want 
them, and then they want the men at once. In other 
words they do not propose to spend any money train- 
ing a man for a certain job. 

Replying to Mr. Lemon and Mr. Steinberger, I know 
that some college men want say $300 per month as a 
beginning wage, but they are disillusioned very quickly 
and soon come to their senses. I tell my students that 
they must start at the bottom and work up, and that 
no president of any company expects to resign just 
because they are graduating. If the maintenance and 
operation executives had a definite training-program 
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laid out and would take these students and give them 
a chance, in the long run it would be a paying propo- 
sition. 

Many companies send representatives to the In- 
stitute to look over our prospective graduates, to talk 
with them later, to take them into their organizations 
and fit them for future positions in that particular or- 
ganization. Some of the large-scale electrical manu- 
facturing companies and similar rubber-manufactur- 
ing companies have apprenticeship courses for college 
graduates where they train these men and give them 
an cvportunity to obtain a bird’s-eye view of the busi- 
ness, and then the company fits them into some par- 
ticular job. Such men are trained and available when 
they are wanted. Why not take the graduate students 
into your own organization and train them to fit into 
some particular job? 

Mr. HORNER:—I think that Professor Trimmer and 
{ are talking at cross-purposes. He is talking about the 
technical side of this matter. I am talking about the 
practical operating side of motor-transport, which is 
another matter. I shall cite two examples of men in the 
passenger and in the freight-operating or practical 
sides, which will show Professor Trimmer the picture 
that I am trying to present. 

In one instance a man who was a conductor on a 
motorcoach for a large company had what Frank Pick, 
of the London Omnibus Co., calls “common sense” 
which, after all, is a scientific use of the imagination. 
Besides taking in fares and watching the passengers 
get on and off, he observed other things that were go- 
ing on and, at night, he used to write 
out his thoughts. Finally, he made these ~* 
into thesis form and submitted it to his 
official superior. The superior read the 
thesis and was so much interested that 
he passed it on; and eventually it reached 
the chairman of the Board of his com- 
pany. The last mentioned was so pro- 
foundly interested in the observations 
made that he transferred this man to 
special work in his own office. This man 
was sent to make certain surveys and to 
bring back ali necessary information. 
This he did and did well. Today he is 
in charge of motorcoach and motor-truck 
operations, with special reference to the 
application side of the business for one 
of the largest automotive companies in 
the export field. He was possessed of 
very little education and had no technical training; but 
he had imagination, observed as he progressed, and 
finally attained the necessary knowledge of the practical 
side of the business. 

The other example is that of a man who was running 
a very large freight-handling motor-transport opera- 
tion in this Country. He is a self-made man, is wealthy, 
and his transport operation is conducted in a scientific 
way. His son was a graduate of one of the large colleges 
end wanted to enter his father’s business. Asked, by 
his father, concerning the best means of introducing the 
young man to the business, I replied that I would start 
him on the freight platform, as a helper on the trucks, 
would “give him the gaff” and let him understand from 
his own experience what the business was all about and 





12 M.S.A.E.—Superintendent of motor-vehicles, Standard Oil Co. 
of New Jersey, Newark, N. J. 
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give him a background of knowledge of the other fel- 
lows’ problems before taking him into the office. Then 
l remarked that if the applicant had this background 
he could work out intelligently the solution of executive 
problems. This young man’s father agreed with me 
and that policy was adopted. The young man naturally 
cid not much relish the idea; but he was a good soldier 
and today he is assistant manager of the company after 
having worked hard for five years to qualify. 

I do not mean to criticize these young men who come 
out of the colleges, and there is nothing that I would 
rather do than to help a young man get started in busi- 
ness; but I certainly do not relish the idea of trying 
to help a man who expects to start in a position that 
is higher than it is sensible for him to expect that he 
can fill. 

This motor-transport game is a very big proposi- 
tion and covers a tremendously large field. It is a very 
fertile field for these young men who graduate from 
the colleges. They have a great opportunity of learning 
how to apply this motor-transport tool to transporta- 
tion requirements, and then going out into the field 
and doing it. But it is not merely a game which lasts 
from 9:00 a. m. to 5:00 p. m. daily; it is often con- 
tinuous for 24 hr. We can get men who are qualified 
mechanically, but even this is not very easy. I will 
challenge anyone to show me that any great number 
of men are available who understand the application 
of motor-vehicles to the science of transportation; 
but we certainly need them. 

J. F. WINCHESTER” :—I am greatly interested in this 
subject because of having been directly 
connected with the operation of motor- 
vehicles for seventeen years. Much of 
the trouble that is experienced in obtain- 
ing satisfactory employes perhaps rests 
upon the men who are making the selec- 
tion rather than upon the men whom 
they sometimes select. 

In these seventeen years that I have 
been connected with our company the 
automotive department has employed a 
large number of men. The company’s 
policy has always been a very liberal one 
toward labor, as well as in regard to the 
education of the men. But the policy 
has always been to endeavor to select at 
the start men who are physically, men- 
tally and by training equipped to handle 
certain specified work. In the period 
specified I cannot remember more than, say, twelve men 
that I have been forced to discharge. Some of these 
were college men who had come to us for fundamental 
training. 

In considering students, two different types of men 
attend school today. It is not to be wondered at that 
those whose fathers have plenty of money and who have 
been brought up in a fine home, amidst fine surround- 
ings, want several hundred dollars per month as in- 
come. On the other hand we find a certain group of 
men who are plugging all the time and earning their 
own way through the schools. That is the type of man 
whom I have selected during summer vacations and 
have endeavored to have them come back year after 
year until they were graduated; then we employed them. 
That type of boy is usually more mature; he has greater 
responsibilities and seldom fails. 


ECONOMIC MOTOR-TRANSPORT INSTRUCTION 


Concerning our procedure with these men after they 
become members of our force, those who are inclined 
to stay with us have openings for promotion. We have 
used them in different positions as related to the op- 
eration of motor-vehicles. 

In some instances these men have become executives, 
or what we term “branch superintendents.” In other 
cases they have entered some side line as regards motor- 
vehicle operation, but which is really an important line 
with the company in that it consists of selling the prod- 
uct to the general public. 

We feel that the general public is one of the largest- 
scale fleet-operators that exists. By training the men 
referred to in the ways and means of operating motor- 
vehicles so that they can go out and sell the product, 
they have not only fundamental training and knowledge 
as regards the application of the motor-vehicle, but also 
they know how to have proper appreciation of the prod- 
ucts we manufacture. 

Regarding Mr. Horner’s remarks concerning the fact 
that very few men understand the scientific applica- 
tion of the motor-vehicle and the problem with many 
as to how to find such men. I wonder just what con- 
stitutes scientific application; that puzzles me, and par- 
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ticularly so when I hear so many conflicting opinions 
from experts on a given subject. 

The electric-railway men say that they would like 
to promote men from the inner personnel because they 
are revenue producers. I know of no industry that has 
complained more during the last ten years than has the 
electric-railway industry because of inability to get 
sufficient revenue. Perhaps, if the electric-railway in- 
dustry obtained men of a different type, these men 
would be equipped with a different viewpoint and the 
revenue would be much greater than it has been through 
promoting the practical men, who may be outlook-stunt- 
ed because of their narrow training. 

I am in sympathy with the present-day tendency to 
train men to operate motor-vehicles. The picture is 
changed. Over the period including the last several 
years it was necessary to have practical men who were 
promoted from the shop, because the number of mech- 
anical problems was much greater than is true today. 
At present, we are dealing more with the scientific an- 
alysis of what is taking place within the vehicle. To 
understand that phase thoroughly, in many cases it is 
necessary to have men who have received the funda- 
mental training that is given in schools and colleges. 


Wear Tolerances on Gages 


(Concluded from p. 214) 


On the subject of distortion: If there is necessity 
that a part should be round after it is finished, gaging 
should check that point. If, however, this is not neces- 
sary, some other system of gaging can be devised. Or- 
dinary gaging may not detect an out-of-round condi- 
tion; for instance, an ordinary heart-shaped cam has all 
its diameters equal, yet it is far from being round. 
Wires used for measuring thread-gages frequently are 


found to be 0.0001 in. out-of-round, and this error is 
multiplied by the conditions under which they are used 
so that it results in a considerable error. 

Since Not Go gages wear out much less rapidly than 
Go gages and since variations in their dimensions often 
have critical effects on fits, economy and efficiency will 
be best served by making the tolerance on Not Go 
gages exceedingly close, and on Go gages more liberal. 
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Discussion of J. S. Lowe’s Transportation Meeting 


Paper’ on Driver- Training for Maintenance 
Cost-Reduction 


P  tee osama School designed to aid the inspectors 
and motor-vehicle drivers of his company’s motor- 
coaches was described by the author. The men were 
told that their attendance at the School was compul- 
sory, and that they would learn things that would be 
beneficial to them in whatever type of life endeavor 
they might decide to pursue. Lessons were given 
twice daily and drivers were required to attend at 
least one session each week for 20 weeks. The men 
attended on their own time, and previous experience 
was not considered. The course was given to drivers 
who operated their vehicles unaided. 

After describing the details of the lecture form of 
instruction that was given, citing examples of the 
type of instruction, the author stated the conclusions 
which were reached as a result of this conference 
method of training and analyzed the statistics which 
were obtained. A further outline was given as to. the 
method whereby instructors were selected. 

In the discussion following the paper, Mr. Lowe 
answered in detail various questions which related to 





J. A. HARVEY’:—What sort of training do you pro- 
vide for drivers after they leave the School? 

J. S. LowE:—As the curve of human memory is de- 
cidedly downward, we give the men periodic reviews on 
subjects that are most essential for the operation of 
the property. The instructor devotes about 4 hr. per 
day to instruction in the classroom; the balance of his 
time is occupied in riding in the vehicles and instruct- 
ing the drivers. 

B. J. LEMON*:—Did the depression in the Fall of 
1929 and that of 1930, the consequent unemployment 
and the discontinuance of street-cars in Akron, Ohio, 
and the fact that the drivers may have felt more satis- 
fied with their jobs when other people were out of work, 
have any effect on their record? 

Mr. LowE:—Our chart indicates that very clearly by 
the low labor-turnover. It is true that these factors 
have had some effect, and it will be difficult to overcome 
when conditions change. 

A. F. COLEMAN‘:—aAIl operators are interested in ac- 
cident prevention and all are striving to lower the acci- 
dent rate. We have not been as entirely successful in 
this regard as we desire to be. What, if any, was the 
compensation given to the drivers who successfully 
completed one, two, three or four years, in addition to 





1 Published in the S.A.E. JoUuRNAL for November, 
Mr. Lowe is general superintendent of transportation, Akron 
Transportation Co., Akron, Ohio. For the convenience of readers, 
a brief abstract of the paper is printed herewith, together with 
statement of some of the 
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major points brought out in the dis- 
cussion. 
?M.S.A.E.—Operating engineer, Pittsburgh Motor Coach Co., 
Pittsburgh. 
*M.S.A.E.—Field engineer, United States Rubber Co., Detroit. 


*M.S.A.E.—Manager, motor-vehicle 
Co. of New York, New York City. 

5 M.S.A.E.—Motor-vehicle 
Pennsylvania, Pittsburgh. 
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the kind of training provided for drivers after they 
leave the School, the effect of the discontinuance of 
street-cars in Akron on the records of the drivers, 
how drivers are controlled outside of the School and 
on the road, and the practices with regard to drivers 
in relation to the number of accidents charged against 
them. In respect to disciplining drivers he said it is 
the company’s endeavor to retain every employe whom 
it is possible to retain, and he gave an explanation of 
the unusual situation in Akron which affects the labor 
turnover on account of the irregularity of drivers’ 
working-hours. 

Mr. Lowe gave further details as to the manage- 
ment of the drivers’ School in respect to examina- 
tions and items which affect a driver’s record as re- 
gards the honor roll and the medals given for good 
service, outlined the procedure used when accidents 
occur and, in general, carried out his previous state- 


ment that he wished to present in its broadest as- 


pects the company’s viewpoint regarding the training 
of drivers. 





the gold medal mentioned? Will you follow through 
in greater detail how drivers are controlled outside of 
the School and on the road? Even with all the train- 
ing and instruction that can be given them, one cannot 
turn drivers out on the street and expect to reduce acci- 
dents by that method alone. 

Mr. LOWE:—Answering the first question, we present 
the men with a gold medal at the end of one year for 
preventing accidents and for the succeeding years a 
different type of medal until, at the end of the fifth 
year, a $20 gold piece is given; but without raising 
the hourly rating of the driver during his service. 
We also have safety contests quarterly. Men who are 
free from an accident for three months are given a 
banquet, at which some member of the management 
talks to them and other features of interest take place. 
The men appreciate this very highly. 

Regarding the follow-up system, particularly con- 
cerning accidents, six full-time safety-supervisors de- 
vote their entire working periods to riding in the 
vehicles, checking up on the drivers and instructing 
them. Periodically, men check up on the drivers as to 
the way in which they handle the vehicle in regard to 
its mechanical parts, and they look for any tendency 
toward abuse of the equipment. They also observe 
whether or not drivers are taking advantage of the 
training they have received, in addition to having the 
School instructor devote half his time to that purpose. 

B. H. EATON’:—What constitutes an accident in 
which the driver is charged with that accident? 

Mr. LOWE:—We have no so-called non-chargeable ac- 
cidents. In keeping the records of the men, we note 
whether or not the man is responsible for the accident. 
But, even so, in driving down the street, if he makes 
a regular service-stop to take on or discharge passengers 
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and somebody collides with his vehicle in the rear, he 
loses the chicken dinner and the gold medal at the end 
of the year. We find that if drivers watch the rear- 
vision mirror, they can prevent hundreds of that type 
of accident. 

Mr. EATON:—Who makes out the detailed accident 
report? 

Mr. LowE:—The driver makeg out the report. It is 
then turned in to the dispatcher, who checks over the 
report to see that it is properly filled in and, if found 
correct, he sends the original copy to the claim depart- 
ment, a duplicate copy to the accident-prevention de- 
partment, and the triplicate copy to the division super- 
intendent. The division superintendent summons the 
man, discusses this accident across the deck with him 
regardless of how minor it may appear to be, asks if 
he has any suggestion that would prevent a recurrence, 
and so forth. Where praise is due, the driver will re- 
ceive it; where discipline is deserved, he also receives it. 

THOMAS C. FRASER*:—Would Mr. Lowe penalize a 
driver if a motorcoach should stop and if two other cars 
collide and jam into the motorcoach? Would the driver’s 
accident record be spoiled? 

Mr. LowE:—If a driver has an accident, this de- 
prives him of the privilege to participate in the awards. 

Mr. FRASER:—But the driver could not escape if his 
motorcoach were standing still and the other two cars 
collided and bumped into the motorcoach. Yet you say 
that he would be deprived of his privileges. 

Mr. LOWE:—Yes. 

JOSEPH HUSSON‘’:—In my opinion, that practice is 
wrong. The point I wish to emphasize is whether this 
expensive driver-training should be wasted when a 
driver has perhaps one serious accident or several minor 
ones. How do you obviate the economic loss caused by 
training a driver and then removing him from your 
service when he has been careless? 

Mr. LOWE:—In respect to disciplining drivers, we try 
to retain every employe it is possible to retain. We 
consider that a new man is always a risk to our organi- 
zation. 

We have an unusual situation in Akron, which affects 
the labor turnover due to the irregularity of service 
hours. The large rubber-industries operate on 6-hr. 
shifts, the beginning time being midnight, 6:00 a. m., 
noon, and 6:00 p.m. Their office staffs work from 8:00 
a. m. to 5:00 p. m. The employes in the Zeppelin plant 
work from 7:00 a. m. to 3:00 p.m. To enable the driv- 
ers who operate the daylight routes to attend the School, 
it opens at 4:00 p. m. Drivers who operate the night 
routes attend the School at 10:00 a. m. 

CHAIRMAN C. F. KELLS*:—Maintenance costs are so 
susceptible to change from various causes that it might 
be somewhat unfair to say that, when considered in the 
reverse order, the change of maintenance cost per mile 
indicates completely the effect of this. Or, there may 
be changes brought out by things entirely aside from 
the driver training. I think that “pull-in” record and 
“disabled bus” records might readily show it. 

Is a written examination required at the end of the 





® M.S.A.E.—Superintendent, motor equipment, Standard Oil Co. 
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course, or is it oral? 
tion? 

Mr. LowE:—In respect to the pull-ins, I might have 
given a lecture devoted entirely to the mechanical fea- 
tures; but the intent was to give a broad idea of what 
we are endeavoring to do in the training of the drivers. 
We have a record of the pull-ins, and also have a record 
of the defects. We have followed the suggestion made 
here that all details had not been enumerated on the 
defect sheet, and that the sheet should be left blank so 
that the operator can write in what really is defective. 
Since we began schooling the drivers, it is astonishing 
to note how closely the defects reported coincide with 
what the mechanical department really finds the con- 
dition of the coach to be. 

The examinations are written. Reviews are given in 
the lectures. After about every seventh lecture, a writ- 
ten examination is held. It tends to key the men up 
for the final examination, which also is written. 

PAUL P. PIERCE’:—How many of the original men 
who first received these gold medals are still in your 
employ ? ’ 

Mr. LOWE:—I cannot state the percentage of original 
employes who are still employed, but it is a high per- 
centage. Some men quit on their own initiative, and 
some men are disqualified for other causes. 


Bonus System Discussed 


If oral, who hears the examina- 


Mr. PIERCE:—How much more accident prevention 
would you obtain if the bonus system were employed? 
Would it not be better to give the men more of an 
incentive that would stimulate them each day, instead 
of presenting only the gold medal? 

Mr. LOWE:—There is a certain danger in the applica- 
tion of the bonus system. There is a danger in the 
system we now have in force, small as it may be. We 
find that some men have a tendency to cover up acci- 
dents. For example, a driver may bend a fender on an 
automobile, get out of his vehicle, ask the automobile 
driver what the damage will cost, and attempt to pay 
cash to settle the damage on the spot. In other cases, 
the automobile driver may say that it was his own fault 
and that our driver need not bother about it, and then 
the driver does not make out a report. In other cases 
a driver may say to the automobile driver, “I have not 
had an accident for 360 days and if I can get by for 
another 5 days I will get my award. I hope you will 
not report me unless you consider the damage is great.” 
The larger the bonus is, the greater is the tendency 
toward unreported accidents and the more difficult it is 
for a claim department to make an adjustment. 

A. H. Gossarb” :—In two of our branch localities we 
pay a bonus of $2.50 per month for each month that a 
driver is free from having had an accident, and this has 
produced good results. Generally speaking, dealing with 
accidents in a drastic manner has produced better 
results. When a driver has an accident, in numerous 
companies he is automatically removed from the payroll 
until such time as he can prove that the accident was 
not his fault. This is generally established by witnesses 
whose names the driver secures at the time of the acci- 
dent, and this has a tendency to eliminate any attempt 
to cover up an accident. 

Mr. LOWE:—In the event that you find a case in which 
the driver was not at fault what do you do? 

Mr. GOSSARD:—The driver is not necessarily relieved 
from service, but his name is taken off the payroll. 
Generally, a driver will prove in a hurry whether the 
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accident in question was his fault or not. Most of such 
cases can be decided very quickly, and the driver loses 
no pay if the accident was not his fault. 

Mr. LoweE:—In that connection, we do not relieve a 
driver because of a minor accident; but if it is a serious 
accident in which a possibility exists that the driver 
is at fault, he is relieved from duty. In the event that 
the driver was not at fault, we compensate him for the 
time lost. 

JAMES W. COTTRELL" :—Do you count it an accident 
that affects the driver if a passenger is hurt while get- 
ting on or off a motorcoach while it is at a standstill? 
Do you charge against the driver an accident which is 
plainly caused by a defect in the vehicle? 

Mr. LOWE:—We do not have non-chargeable accidents. 


Mechanical Defects Exonerate Drivers 


P. V. C. SEE”:—Referring to Mr. Lowe’s previous 
statement, if the brakes were defective, the driver 


would not be penalized. That is, if a brake-rod broke 
or if a test of the brakes showed that the pressures 
were insufficient, we would immediately admit that the 
accident was due to failure of the shop to provide an 
adequate braking-system and the driver would not then 
be penalized. With regard to the number of road calls 
for service and pull-ins of dead motorcoaches, a very 
marked decrease is evident since the drivers’ School 
began. 

HENRY A. ROSENQUEST”:—Is the work of the School 
continuous throughout the year, or does it end after a 
certain period? 

Mr. LOWE:—The School is not continuous and de- 
pends for its continuity upon the number of employes 
who enter our service. If a new man is employed, he 
begins the School work immediately. 

Mr. ROSENQUEST :—Is a driver informed that he must 
attend the School after he is employed, that it is com- 
pulsory and that he must attend the School on his own 
time? 

Mr. LOwE:—Yes. I do not know of a single instance 
in which an applicant refused to become an employe 
because of the foregoing reasons. 

Mr. LEMON :—If a driver has frequent difficulty due 
to curb scuffing of tires against the street curbing, is 
a penalty inflicted on him? 

Mr. LOwE:—We have some difficulty due to curb 
scuffing and frequently reprimand the driver severely; 
but, on the contrary, the accident-prevention depart- 
ment also reprimands drivers for getting too far away 
from the street curbing. However, they are not sus- 
pended. 

Mr. LEMON :—How frequently are dual tires injured 
because of objects that lock between them? 

Mr. LOWE:—The percentage is very small. 

H. B. Hewitt" :—How far does instruction go in the 
mechanical department? 

Mr. LOwE:—We have not applied the schooling to the 
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garage or shop employes in that respect. 
is a driver-training feature. 


Other 


Our School 


Practices Regarding Accidents 


Mr. HEWITT:—We have a plan by which the 
coaches move between the garage and the shop. They 
are moved by the repairmen in the shop. In many cases, 
a repairman can take a coach with him on his way home 
and deliver it to the garage. We, therefore, have a cer- 
tain number of qualified drivers in the shop force who 
attend the same School as do the drivers who do nothing 
else but drive. These shop men are also used on holi- 
days as auxiliary drivers. The shop is closed on Satur- 
days and Sundays, and we have peak needs then for 
drivers. These men wear a uniform cap and serve as 
regular drivers. 

Mr. LOWE:—During our busier seasons, such as the 
holiday seasons, we put extra drivers in the garage to 
answer road calls. For instance, suppose we have a 
disabled vehicle that needs replacement, we send an 
extra driver out with a coach to pick up the schedule 
en route so as to lessen the inconvenience of our patrons. 

E. A. CLARK”:—Do you have any trouble in getting 
truthful statements from your drivers regarding acci- 
dents, or in having drivers get witnesses of accidents? 

Mr. LOWE:—lI think the average individual is honest, 
but we do have some cases in which we have to “sweat 
out” drivers to ascertain the truth of their statements; 
sometimes we cannot get at the truth even after this, 
but must obtain the information from outside sources. 
However, such cases are rare, and they are much more 
rare now than before we started the School. The school- 
ing creates a better understanding in the minds of the 
drivers. 


motor- 


Our drivers are usually successful in obtaining wit- 
nesses. One point stressed in the schooling is that a 
driver never should ask any person whether he has seen 
the accident, because the only two direct answers pos- 
sible are “yes” or “no” and the questioner invariably 
gets the answer “no.” Instead, drivers are instructed 
to say “it will be necessary for me to make out an acci- 
dent report, and if you will kindly give me your name 
and address it will be of great assistance to nte.” In 
other words, the appeal is made personally by the driver 
instead of being made for the company. 

E. W. JAHN“:—What have utility operators who do 
not operate motorcoaches done in connection with the 
training of motor-vehicle drivers such as salesmen? 
Our company operates 300 passenger-cars and about 
200 motor-trucks. For instance, if a man becomes a 
shining light in the sales force and the company wants 
to send him out into its territory. such a man must be 
taught to drive a company car. 

Mr. ROSENQUEST:—When we employ a new man, say 
in the sales division, we have one of our vehicle in- 
spectors give him a road driving-test. If he passes the 
road test we have lined up for him, the car is turned 
over to him for his use. If he has no driving experi- 
ence, we train him for about three weeks and then send 
him to the city’s motor-vehicle bureau for examination. 
If he passes that examination, then a report is sent to 
his department which states that he has passed all the 
requirements, and the car is then assigned to him. 


Educational Plan Cited 


PIERRE SCHON™:—Mr. Lowe’s charts show that total 
operating-cost per mile has been reduced considerably 
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on a total mileage of 15,000,000 miles per year. Sav- 
ings in accidents for the first seven months of 1930 are 
represented as $67,802.16. I think that is a remarkable 
showing and I believe its success is based, primarily, 
on training drivers. 

The training of commercial motor-vehicle drivers is 
a very serious problem. The Akron Transportation Co. 
has demonstrated that driver training pays handsome 
dividends, and no phase of the transportation business 
presents greater opportunities for lowering costs than 
proper training of drivers in the operation of motor- 
trucks and motorcoaches. The picture Mr. Lowe has pre- 
sented is certainly worthy of study by many operators. 

Calling attention to the educational campaign being 
conducted by the National Automobile Chamber of Com- 
merce, other dividends can be derived from drivers’ 
training. This educational campaign, instituted by the 
N. A. C. C. and financed by the manufacturers, incorpo- 
rates a program of education for the operators to cau- 
tion their drivers, calling their attention to the results 
of careless driving on the road. 

If such good results as cited by Mr. Lowe can be 
obtained in city operation, the same principles can be 
applied to long-distance operation. Many of our laws 
today are antagonistic to the operation of motor- 
vehicles, and part of this situation has been brought 
about by careless driving. Right now, a very serious 
case is pending in the State of Missouri, where the 
carelessness of a truck driver resulted in strict enforce- 
ment of the laws governing the size of vehicles. The 
objective of the educational campaign conducted by the 
N. A. C. C. is paving the ground for securing more 
reasonable and uniform legislation. 

Drivers’ training is one of the most important activi- 
ties operators can initiate to assist in this campaign, so 


that more uniform and more reasonable legislation can 
be obtained. 


1% Superintendent of transportation, Pittsburgh Motor Coach Co., 
Pittsburgh. 


Mr. LOWE:—As previously stated, | wanted to present 
2 broad idea of what we are endeavoring to do in the 
way of training drivers. Perhaps I should have con- 
fined the paper entirely to the mechanical features, but 
the lectures given in the mechanical, safety and trans- 
portation courses are compiled in booklet form, are 
available, and can be had by writing to me. 

MR. COTTRELL:—Is there any reason for having that 
School for driving instruction rather than for mechani- 
cal instruction? 

Mr. LOWE:—We feel so. I made investigations all 
over the country. On most properties they make a par- 
ticular effort to teach the new employe in service every- 
thing they possibly can before he is permitted to drive 
alone. We do not believe in that policy. When we 
employ a driver he has to meet the medical qualifica- 
tions, pass the required tests in different respects, give 
references, and so on. Then he is put out on what we 
term the “School motorcoach” with an instructor, and 
he stays there for a week, driving the different kinds 
of equipment. If he cannot qualify in 10 days, he is 
not permitted to continue. But we feel that, should 
we attempt to try to cover all the subjects all the time 
while the man is learning other things, we would be 
unsuccessful. 

R. C. GILMORTIN™:—Is that School motorcoach used 
in passenger service, or does it run without passengers? 

Mr. LowE:—The School motorcoach is operated in 
cutlying districts. After the student drivers become 
very familiar with operating the vehicle in outlying 
districts, they are given training in the more congested 
districts and are taught to the point at which they are 
very efficient before they are even permitted to go out 
on the line with other drivers who carry passengers. 
They are given accurate and complete training on the 
School motorcoaches. They are required to put in a 
specified number of hours, a certain number in the day 
time and a certain number at night, with regular oper- 
ators over the various routes. 
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The Effect of 


tea 
on Production Cost 


‘Production Meeting “Paper 


HE SAVINGS made possible by using economic 

lot-sizes are discussed by the author, who also pre- 
sents formulas and their practical application for 
estimating purposes in the field of drop forging, foun- 
dry work, purchasing, stores and supplies, as well as 
how these may be applied in measuring managerial 
efficiency. After stating the direct method, which is 
to obtain the lowest cost, he mentions Time as a note- 
worthy factor of the indirect method, which includes 
decreasing the time required for doing one or several 
operations, decreasing the time of material tie-up, 
increasing the number of turnovers and reducing the 
capital investment. 


Time also is the basis of all efforts of a relatively 
new type; that is, efforts along economic production- 


O OBTAIN the lowest cost and to cut costs con- 
stitute one of the chief aims of the production 
man. He has tackled the problem in a variety of 

ways, the most obvious of these being by the substitu- 
tion of more economical materials wherever possible, 
perhaps because they cost less, directly, and perhaps 
because they have better qualities and hence reduce 
cost indirectly. 

The second most noteworthy method in cutting costs 
is an indirect one and involves the factor Time. De- 
creasing the time required to do one or several opera- 
tions, decreasing the time of material tie-up, increasing 
the number of turnovers and cutting capital invest- 
ment, all depend indirectly upon Time as a fundamental 
basis and upon the value of this time. The same factor 
is the basis of all efforts of a relatively new type; ef- 
forts along economic production-lot sizes, purchasing 
quantities, labor management, seasonable production, 
seasonal sales-distribution, and all efforts that can be 
classified under the general head of production-time 
economics. 

The aim of this type of analysis is to ascertain what 
one’s costs are in any particular field, what the lowest 
possible cost is and, what is more important, by what 
arrangement the lowest cost can be obtained. The fact 
that this analysis tells one just what the lowest cost is 
enables one to measure the efficiency of any particular 
function in a plant. The analysis in any given case de- 
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lot sizes, purchasing quantities, labor management, 
seasonal production, seasonal sales-distribution, and 
all efforts that can be classified under the general 


head of production-time economics. A general for- 
mula is then developed, values of several special cases 
are substituted and in each supposed case solved. The 
results obtained are then discussed at length, com- 
parisons being made. In conclusion, the statement is 
made that this type of analysis can be used whenever 
capacity is greater than production, especially if the 
equipment can be used for other purposes than the 
one in question. 

In the discussion, the practices followed by several 
companies are outlined and comments made on details 
of the formulas with regard to the variable factors. 


pends on the factors as they are in fact, and gives the 
low-cost combination of these factors with respect to 
time. If any of the factors fundamental to the analysis 
—as, for example, the price of raw materials—is 
changed, then a corresponding change will have to be 
made in the lowest cost-arrangement. 

Since any analysis, and especially one subject to 
frequent changes, is elaborate, the easy way out is to 
develop a general analysis which gives a general solu- 
tion, substitute the values of the special case in the gen- 
eral formula, and then solve the formula. 


Economic Lot-Sizes 


Let us consider one of these types, economic lot- 
sizes. This is dependent on what is commonly termed 
“inverse relationships,” which means that what is a fav- 
orable condition or arrangement for one of the factors 
is a very unfavorable one for the others. As we change 
the arrangement to suit the second factor we lose some 
of the advantage in the first, gaining at the same time 
in the second. One can think of this as a balance 
which can be brought into equilibrium only if the 
weights on both sides are equal. 

We want to produce a product and know approxi- 
mately how much of it we will need during the year 
to come. Disregarding seasonality, our capacity is 
much greater than the amount to be produced, so the 
question arises: How shall we distribute our produc- 
tion? Shall we produce the whole amount with one 
set-up; shall we use two set-ups, one now and one six 
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months hence; shall we use 3, or more, up to 12 set-ups? 
If we produce everything on one set-up then there will 
be but one set-up charge, certainly a favorable condi- 
tion for this factor. On the other hand we must buy all 
of our material at one time and, since we sell the 
product uniformly throughout the year, there will be a 
considerable waste in interest and storage charges, not 
to mention the relatively large capital-requirement. 

Regarding the other extreme, suppose we decide to 
cut down on our capital requirements, on interest and 
on storage charges, hence producing the product as 
needed every month. But this involves 12 set-ups, 
which is a very unfavorable condition so far as this 
cost factor is concerned. The question then arises: 
What sort of an arrangement will give the lowest cost 
considering both factors? This is what a suitable eco- 
nomic lot-size formula tells us. As formulas go, this 
cne is not very complicated, but it causes trouble be- 
cause it does not show the intermediate steps and the 
reasoning. The formula represents merely the gen- 
eralized process for solving any problem. Anyone who 
solves a specific problem goes through the same steps, 
and sometimes many more, except that actual figures 
are used instead of general terms. We will consider 
a simple case, involving but two opposing factors, and 
analyze it. j 


Application of the Formula 


Assigning values to the various fac- 
tors: S indicates the cost of one set- 
up, for the special case, $150; J repre- 
sents the current interest rate, or 6 
per cent. N is the number to be made 
in the given year, which, in our case, 
is 30,000. C represents the cost per 
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Cost (1 set-up) = $150 + [ (30,000 x 3) x 0.5 « 0.06] (3) 
= 0150 + $2,700 
= $2,850 
Suppose the set-up is made twice a year. The set-up 


cost S will be doubled, but the interest charges will be 
cut one-half. First, there will be but one-half the num- 
ber of pieces in each set-up, thus reducing the capital 
investment one-half. Second, the interest on this capi- 
tal is effective only for six months, even if it were all 
used throughout the six months; but, according to the 
foregoing reasoning, the averaging factor A must be 
applied to balance gradual sales. Finally, since we are 
basing our total cost on the yearly basis, we must mul- 
tiply by 2 because there are two set-ups. So we have: 


Cost (2 lots) —=2S+(2x05NCxAxX05 1) (4) 
=2S+0.5 (N C 1/2) 


For the special case we have, by substituting values, 


Cost (2 lots) = (2 x $150) + [2 x 0.5 x (30,000 x 3) 
x 0.5 x 0.03] (5) 
—= $300 + $1,350 
— $1,650 


If coutinuing the analysis by the roundabout method, 
we would find costs for 3, 4, 5, or more set-ups and 
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piece, or $3. In a more thorough 
analysis the factor C would need to be 
qualified with reference to raw and to 


























Cost per Year, dollars 


finished cost; but, in this example, we 








will assume C as representing finished 











cost for the sake of simplicity. The 








question then is: What will be the 
lowest cost of producing the piece and 
what is the production-time arrange- 
ment for this low cost? The answer 
is contained in the following analysis. 

If the entire quantity is to be pro- 
duced at once, the cost will be: 








FIG. 


Cost (1 set-up) —~S+ (NC x I!) (1) 


The set-up cost, S, is $150, but the interest-charge 
computation (N C I) needs explanation. If we were 
to keep our capital tied up for the entire year, a sim- 
ple multiplication of capital by interest rate would give 
this factor. But we sell the product uniformly through- 
out the year, so that some of our capital is released 
almost immediately after the product is finished. By 
the time six months have elapsed, one-half of our prod- 
uct has been sold; hence, one-half of our capital has 
been released. As the year goes on, more and more 
capital will be released so that, theoretically, at least, 
there will be no capital tied up at the end of the year. 
Therefore, the interest on the average capital tied up 
must be taken, which, in our case, is 0.5 and is repre- 
sented by A, the “averaging factor.” 


Cost (1 set-up) —-S+(NCxAxI) (2) 
For the special case we have, by substituting values, 














Number of Lots per Year 


1—CosT, WITH VARIOUS SET-UP ARRANGEMENTS 


then choose the lowest cost-combination. The formula 
avoids this; it gives the low-cost combination immedi- 
ately, without solving for a large number of cases. To 
show how this formula is derived, let us substitute 
the letter X for the number of set-ups. Then we have, 
for any number of lots, from the previous formulas: 


Cost (X lots) = SX+ (NCI/2X) (6) 


Further Development of the Method 


If we use specific figures, we would need to repeat 
the foregoing process every time we solved this for- 
mula for a different set of values. But if we do this 
and plot the results, using costs as ordinates and set- 
ups as abscissas, we would obtain the curve shown in 
Fig. 1, which shows the cost with various set-up ar- 
rangements. The point we wish to find is the low spot, 
so far as cost is concerned; that is, the lowest cost- 
arrangement. Since the general equation represents 
a curve, we can use differential calculus to determine 
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this low spot without any substitution or plotting. 
Differentiating the equation once will give the slope 
of the tangents to any point, and the slope of the tan- 
gent to the low point is 0; that is, this tangent is hori- 


zontal. Hence, we have: 
Cost =~ SX+(NCI1/2X) (7) 
Differentiating and equating the tangent to O we 
have, since 
dy \_ ve) i 
x ($4) =1 ana 1/x($4 X 
the following equations. 
0=S—(NCI/ 2X") (8) 
(NCI/2X%%=S (9) 
2SX?=—=NCI (10) 
X?= (NC1/2S) (11) 
X= V(NCI/2S) (12) 


Equation (12) indicates that the lowest cost-com- 
bination is the one that involves the given number of 





set-ups, by substituting the values therein. For our 
specific case: 
lf 30,000 (N) x 3 (C) x 0.06 (J) ) - 
. ¥( 2 x 150 (S) _— 
- V18 
4.2. 


The lowest cost will be arrived at if 4.2 lots are used. 
For all practical purposes, however, this may be taken 
as four lots per year, or one set-up every three months. 

Let us now see what the cost is with such an arrange- 
ment. 


Cost (4 lots) = [4 x 150 (S)] + 
(ieee (N) x 3 (C)] x 0.06 (J) 
2 x 4 (set-ups) 
= $600 + $675 
= $1,275 


Comparing this result with what the cost would have 
been with one set-up we see that there is a saving of 
$2,850 — $1,275 — $1,575, or 55 per cent. 


More General Formula Stated 


(14) 


In fact, the foregoing method is too simple for actual 
use because it concerns itself with only two factors, 
capital and set-up cost. A more general formula suit- 
able for use is: 


! Le + ~=— fs ¢ T St 
Rcdtt v(2 C1 +b — L J) 8) 


where 

C = cost per piece of material (raw) 

I = interest rate per year 

J = ratio of output to capacity, the output being N 
pieces per year 

L = ratio of cost of finished product to cost of raw 
material, the factor taking into account the 
value added by the work done to the piece 


S = set-up cost for one set-up 

St = cost of storing the finished product in dollars 
per piece per year 

X = number of lots to be used during the year 





(15) 


These factors were chosen because they are the most 
prevalent in the average company. For any particular 
company a special formula can be worked out that 
omits some of the unimportant factors and includes 
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others peculiar to that industry. For example, we may 
include such factors as spoilage due to storage, depre- 
ciation, the chance of obsolescence, and the like. The 
formula in such a case would be similar to the one 
given, but would contain the special factors mentioned 
in some form or other under the radical sign. For 
any particular plant it would be best to work these out 
separately rather than to use a highly complicated 
formula which, although it contains all of the factors 
desired, contains also factors irrelevant to the problem 
that cannot be dropped unless the formula is changed, 
which would cause confusion. 


Measuring Particular-Function Efficiency 


There is another use of this type of analysis which 
should be discussed. The fact that one can, for any set 
of conditions, determine the lowest cost-arrangement 
brings up the possibility of measuring the efficiency of 
the particular function. Taking a practical illustra- 
tion, let us assume that a plant having the foregoing 
data is operating at two set-ups per year, having found 
trom practical experience that two set-ups are better 
than one. The cost of doing this was $1,650, as shown 
by equation (5). 

The cost involved with four set-ups, shown to be most 
economical, was $1,275, as shown in equation (14), the 
difference in cost being $1,650 — $1,275 = $375; or, ex- 
pressed in percentage over the lowest cost, 29.4 per cent. 
This shows that the particular function is operating at 
a cost of 29.4 per cent too high. If only one set-up had 
been used, this would have been over 100 per cent; that 
is, ($2,850 — $1,275) /$1,275 = 124 per cent above the 
lowest cost-combination. 

There may be some objection to basing efficiency, if 
this is to be computed, on the lowest cost-factor, since 
it is quite possible that a negative efficiency will result 
which is, of course, absurd. The procedure, however, 
does have two distinct advantages. First, the fact 
that the lowest cost obtainable is known avoids any il- 
lusions as to functional efficiency. Over any given pe- 
riod, costs can be reduced considerably; yet such a re- 
duction may be insignificant as compared to the pos- 
sible reduction. At any rate, it affords no measure of 
efficiency, the two costs being merely relative without 
an actual basis. Knowing the lowest cost obtainable 
does, however, give one a measure of how much the 
particular cost reduction did increase efficiency. 

Second, since basic conditions vary from time to 
time, a variation in the cost of any one function cannot 
be a measure of how effectively or ineffectively the 
function is being handled. It may happen, for ex- 
ample, that one of the factors has been reduced to such 
an extent, because of changing business-conditions, 
that even what appears to be a large saving is not an 
increase in efficiency. On the other hand, the cost of a 
factor may have increased; hence, total costs are higher 
for this period than for the preceding one. Whether 
they are higher in proportion or not, however, cannot 
be determined unless the lowest cost obtainable, for 
that set of factors, is known. To illustrate this more 
clearly we will use a set of definite figures. 

For the simple equation involving the two variables, 
let us assume as before the following data, for 1930; 

that is, N = 30,000 pieces, the production per year; C 
= $3, the cost per piece; J] = 6 per cent per year, inter- 
est rate; and S = $150, the set-up cost. The plant was 
operating with two set-ups; hence, the cost as shown 
previously was $1,650. It was also shown that this 
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was $375 more than the lowest cost-arrangement. But 
let us now assume that business conditions have 
changed for the year 1931 and that we then have new 
values for the factors C and J; namely, $4 as the cost 
per piece and 9 per cent as the interest rate, the fac- 
tors N and S retaining the same values as for 1930. 
Assume also that the plant continues its operations on 
two set-ups. Then we have 


Cost (2 set-ups) = [2 x 150 (S)] + 
[30,000 (N) x 4 (C) xX 0.09 1) 





2 (A) x 2 (set-ups) 


$300 + $2,700 
= $3,000 


(16) 


The increase of 1931 costs over 1930 costs would 
then be $3,000 — $1,650 = $1,350. 

With the cost almost doubled, the question arises as 
to the justification of this increase. Technological ef- 
ficiency has remained unchanged, wages are the same as 
in former years, output remained constant, and the 
set-up cost remained the same; so, there is no visible 
proof except that the material prices and the rate of 
interest increased. Unless the foregoing method is re- 
sorted to, there is no way of telling whether or not this 
increase in cost is justifiable and whether it is in pro- 
portion to the increase in the other factors or not. Let 
us measure this in terms of percentage. The new ar- 
rangement, according to the formula, should contain 
the following number of set-ups: 


ff DK es Seay 
aie. 2 x 150 (S) 
6 and the cost with this low cost-ar- 


(17) 
Therefore, X - 
rangement is 


Cost (6 lots) = [6 x 150 (S)] 





[30,000 (N) x 4 (C) x 0.09 (J)] 
( 2 x 6 (set-ups) ; 
= $900 + $900 
= $1,800 


) as) 


The most efficient arrangement under the new set of 
conditions would involve a set-up every two months and 
a corresponding total cost of $1,800. The net loss due 
to the arrangement for the two set-ups actually used is 
$3,000 — $1,800 = $1,200. This compares with $375 in 
1930. If expressed as an arbitrary efficiency, the two 
figures compare as (1250/1650) = 76 per cent for 1930 
and (1800/3000) = 60 per cent for 1931. 

A similar combination could be worked out for other 
factors, increasing or decreasing any or all of them. 
The actual “lowest cost” will change, no doubt; but it 
will nevertheless remain the lowest cost obtainable 
under that set of conditions; that is, under conditions 
as they are. 

This type of analysis can be used whenever capacity 
is greater than production, especially if the equipment 
can be used for other purposes than the one in question. 
It can be used to a very great advantage in purchasing 
when the time factor must balance with discounts or 
lower costs due to large quantities. It can be used in 
the shops in connection with the main product, drop 
forgings, castings, heat-treatment, and in all operations 
that are not continuous and involve a set-up. Even 
larger savings may be achieved by the application of 
this method to the relatively insignificant items, to sup- 
plies, tools and small parts, and to items which are 
bought in quantities with an almost entire disregard 
as to capital tie-up because the amounts involved are 
relatively small. The formulas will be different but the 
method will be the same; that is, to balance forces 
working in opposite directions. 


THE DISCUSSION 


CHAIRMAN JOHN YOUNGER’:—Mr. Lehoczky has 
taken a distinct step forward in developing formulas 
that include the lowest cost and the savings. In bring- 
ing forward the savings that can be effected, we will 
realize what we are accomplishing. Many old-timers 
cling to the idea of having just one set-up, and that 
this is the most economical set-up. Until this mathema- 
tical study was made, we had no idea that such savings 
could be effected. 

A. R. Fors*:—In most of the automo- 
bile and accessories plants we have had 
only one problem to consider; that is, to 
obtain the lowest direct-labor cost on the 
quantities to be produced. The quanti- 
ties were run continuously or in one 
lot. As conditions are today, we are 
faced with the problem of economical lot- 
sizes. 

For a number of years I have been 
connected with the production division 
as production engineer. Recently, my 
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fessor of industrial engineering, Ohio State 
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work was changed to estimating and planning. This 
work has brought forcefully to my attention the neces- 
sity for analyzing our costs as affected by lot sizes. 
Not only is this true in production; it is true also in 
other departments, such as in the purchasing depart- 
ment. 

We recently ordered 3000 units of a certain kind. 
Our purchasing department brought to my attention 
the fact that if we could order these units 
in 10,000 lots our costs would be re- 
duced 20 per cent. The 3000 constituted 
our 30-day requirements, which is our 
usual basis for ordering material. How- 
ever, as the 10,000 is approximately our 
90-day requirements, this quantity was 
released, as the 20-per cent saving would 
more than cover the carrying charges. 
Mr. Lehoczky has brought out a number 
of points that will give us something to 
consider. I am sure we will change our 
viewpoint, which should result in con- 
siderable saving. 

K. W. STILLMAN‘:—The practical ap- 
plication of economical lot-quantities has 
given more trouble than any other thing 
in connection with production. About 
ten years ago I was in charge of a ma- 
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terial-control department 
for a prominent electric 
company. That depart- 
ment had about 3000 sep- 
arate items in its catalog 
and this required about 
25,000 different items of 
material. We tried to 
establish an economical 
lot-quantity system of or- 
dering material, and one 
can imagine what a job it 


came to be. Adequate 
control means, as Mr. 
Fors has said, that the 


formulas must be changed 
continually to meet the 
conditions, and it becomes 
a physical impossibility. 
We had more men in the department than we had out 
on the production floor. 

I tried to solve the problem at that time and suc- 
ceeded very well by making a compromise formula, a 
comparatively simple one which did not include all the 
factors which might be considered but which did take 
into consideration what I thought were the important 
factors. From the formula I derived an alignment 
chart by which, after determining three or four impor- 
tant factors such as quantity of production, cost of set- 
up and cost of material, I could lay a straight edge on 
the large chart which was made up from the formula 
and could estimate an economic lot-quantity. Although 
not mathematically true absolutely, the result was 
much better than ordinary guessing, and this method 
worked fairly satisfactorily. 

CHAIRMAN YOUNGER:—Since then, how much has 
that economical lot-quantity formula been put into prac- 
tical use? 

Mr. STILLMAN :—I do not remember the formula. It 
Was a very simple one with a maximum of five variables, 
the chief ones being the cost of set-up, the interest rate, 
the cost of materials, and the production rate. 

CHAIRMAN YOUNGER:—Concerning economical lot- 
size formulas, in working for an engineering company 
recently I found that af increasingly large number of 
firms were paying attention to putting the lots of ma- 
terial through their plants in accordance with some 
kind of formula. They were not using hit-or-miss 
methods but really were trying to evolve some scien- 
tific method. 

ERIK OBERG’:—The formula is an extremely impor- 
tant tool. It even can be applied to the publishing busi- 
ness to determine the economical number of copies of 
books to run in one printing. We sell an average num- 
ber of copies each year, and we can calculate our book 
production by that formula, or a very similar one, quite 
accurately. Knowing the cost of printing, the cost of 
paper and so on, we can determine the economical num- 
ber of copies of a book to be printed at one printing 
and stored away. So, this is a very universal formula 
and applies to almost all kinds of business. It should be 
considered very carefully. 

J. GESCHELIN® :—Prof. F. E. Raymond, of the Massa- 
chusetts Institute of Technology, who has been one of 
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the leading exponents of scientific methods, gives a new 
viewpoint on the problem in Mechanical Engineering 
for October, 1930. The paragraphs that interest me 
are as follows: 


Production at minimum cost is not economical. I 
mean by this that, in industries where intermittent 
processes predominate, it is possible to earn a larger 
annual return from the manufacturing operations on 
each dollar invested when the quantity of any product 
which is processed at one time is smaller than that 
for which the total unit cost of manufacture is a 
minimum, all other factors of the business having 
been fully considered. This situation is entirely due 
to the fact that the working capital of any concern 
of this type cannot be as effectively employed when 
manufacturing schedules are maintained upon a policy 
of minimum-cost production as they can when these 
same schedules are arranged so as to require the 
smallest average investment of capital and yet pro- 
vide the greatest spread between the total unit-cost 
for a given scale of production and the prevailing 
price level. 

In studying this problem to determine the best lot- 
size, it was found that a greater rate of return could 
be earned upon the capital employed in the manufac- 
ture of a lot smaller than that which could be pro- 
duced at a minimum cost, provided that it remained 
within a certain range below the minimum-cost quan- 
tity. 

To me, this seems like a reversion to working with- 
out a formula, perhaps because it appears as if one can 
make more money by making as many pieces as are 
required at one time against an order. 

PAUL N. LEHOCZKY:—The point is, I think, that Pro- 
fessor Raymond, who, incidentally, believes very much 
in this work, is driving home the fact. He has not ex- 
plained this formula at all in this particular article. 
He is trying to drive home the fact that, while in truth 
it is cheaper to produce in quantity, that does not al- 
ways represent the most economical production. 

For example, the most 
economical production 
would be one set-up, run- 
ning the Bullard Multau- 
matic 24 hr. per day, 365 
days per year. That 
would be most economical. 
The other point is that, as 
we continue reading his 
article, he refers to one 
lot. One lot is the most 
economical, not consider- 
ing the fact that one has 
material tied up, obsoles- 
cence and other factors to 
include. That is what I 
think he is considering. 
I believe he is not attack- 
ing economic _lot-sizes. 
He is merely pointing out 
the fact that it is cheaper to produce more than one lot 
per year than it is to produce everything at one time 
during the year. 

If one wants to set up a formula for any particular 
product, one does not need to change that formula un- 
less some new factor enters, such as say another type 
of steel. If we have only the cost factors and only the 
quantity factors changing, we need not set up a new 
formula. In fact, after one formula is set up, we can 
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compile a table and do not need to work from the 
formula later; we simply read the desired data from the 
table. That is the point I tried to bring out. 

CHARLES D. OESTERLEIN’:—Does the formula include 
consideration of the changes brought about by seasonal 
activity ? 

Mr. LEHOCZKY:—No; it was worked out rather sim- 
ply to show the methods of reasoning and of attack as 
well as to enumerate the factors that work against each 
other and must be balanced. For seasonal production, 
the set-up is more elaborate. It may pay sometimes to 
force seasonality, or it may pay to shut down a plant 
for a long time. On the other hand, it may pay to run 
it straight through, depending upon the value of the 
production and other factors. It depends on the indi- 
vidual case. 

The big thing in the formula is the averaging factor, 
which was one-half, as stated, because we assumed 
gradual sales-changing. As to what extent the factor 
is changing, this depends upon the shape of the sea- 


Oesterlein Machine Co., Cincinnati, Ohio. 


Aluminum Alloys Used 


(Concluded 


joints and attacked the aluminum. Such trouble can 
be overcome by the use of bituminous or rubber paints. 
There is nothing unusual, however, about such trouble, 
because we have had similar difficulties to overcome, 
regardless of the materials we used. 

Mr. GOLL:—In reply to Mr. Buchanan’s remarks about 
the additional cost of aluminum bodies and Mr. Gres- 


sonal curve; each would have a different shape and, de- 
pending on the shape, it can be analyzed rather simply. 
A larger or a smaller averaging factor would be used. 

MR. OESTERLEIN :—How important, relatively, is the 
interest factor; that is the principal item to consider in 
a seasonal proposition? 

Mr. LEHOCZKY:—The interest factor includes not 
only interest on capital tied up, but also storage and 
handling costs that may accrue. Obsolescence works 
exactly the same as interest. On the other hand, the 
set-up charge and so on work on the other side. The 
interest factor is the most imporant in seasonal lines 
and, if the product is worth anything, I should say $10 
or $12 per piece per unit, and where there are a large 
number of units, it represents the real saving. If it is 
worth anything as a comparative set-up cost, seasonal 
production will be used entirely. One will have more 
machines than in the case of continuous production, one 
will use them only part of the time and yet one will pro- 
duce at a lower cost because of the savings in interest 
charges. 


in Commercial Vehicles 


from p. 217) 


ham’s opinions on the same subject, my paper referred 
to the conventional type of aluminum commercial- 
bodies, while Mr. Gresham’s statements apply to 
truck tanks. In the bodies to which I referred, the 


cost of manufacture is the same or less than for the 
steel body because, naturally, the material is lighter, 
easier to handle, and easier to form. 
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Automotive Research 


Cold-Starting 


By A. J. Blackwood’ 
and N.H. Rickles’ 


UCH HAS BEEN WRITTEN on the subject of 
cold starting by many able investigators, but 
it appears that the problem is still with us. It 

is our hope that the data presented in this paper will 
direct attention to some of the factors which may be 
easily controlled so as to give improved starting condi- 
tions. 

Our laboratories have been able to attack this prob- 
lem from a particularly advantageous angle through the 
cooperation of the Sales Department of the Standard 
Oil Co. of New Jersey, which has placed at our disposal 
all new cars purchased for their traveling personnel. 
This has made possible the accumulation of data which 
is uptodate in every respect and 
covers the latest models of sev- 
eral manufacturers in this Coun- 
try. Every car included in the 
data presented is a 1930 or 1931 
model purchased within the last 
10 months and incorporates the 


- ing viscosity to 
most advanced design of the oda “id hema 
° s 2as é y . 
manufacturer relative to those F 
features which affect the car’s 


oil-viscosity 


starting characteristics. 
Our tests were made with the 


s Cranking speed 
car exactly as equipped by the : 


manufacturer and all adjust- ev ae : 
ts were made according to cars were found not to start 
ments ace 
7 : peratures lower 
his recommendations. The tests 
themselves consisted in deter laa’ SMR Gitte ele: 
mining under what conditions " 


we could: (a) secure a cranking 
speed to start the car and keep 
it running; (6b) not start the 
car at all, due to too low crank- 
ing speed; and (c) develop vari- 
ous situations to bring out the 
different starting difficulties with 


portant, is not 


trolling factor. 





cranking speed of 


ditions anticipated. 


Cold starting of 14 new cars was 
studied in the laboratory at various 


temperatures and with oils of differ- 


would start and the temperature and 
conditions 
such speeds could be secured. 


the controlling factor, and some of the 


than 
with an oil having a viscosity higher 


Volatility of the gasoline, while im- 
found 


It 


able on any car under the worst con- 












Characteristics 
of Automobiles 


ticularly since the starter itself established conditions 
unique for each individual car. For example, we often 
found that for a given set of conditions the engine fired 
on the first attempt to start it, kicked the starter out 
of gear and immediately stopped; and, no matter how 
many more attempts were made, the above cycle simply 
repeated itself. Yet, a matter of two or three higher 
revolutions per minute of the starter changed this con- 
dition completely. This in essence meant reducing the 
fluid friction of the lubricant sufficiently to permit more 
rapid rotation of the engine. 

After the car was thoroughly run in, the crankcase 
was removed and cleaned, the carbon was scraped, the 
valves were ground, the ignition 
system was inspected, the spark- 
plug terminals and_ ignition- 
breaker points were set to the 
manufacturer’s specifications, 
and the fuel system was thor- 
ously drained and blown out with 
air. Thermocouples were _in- 
stalled for determining the test 
temperatures. The crankcase 
was then charged with the oil to 
be used and the fuel tank 
charged with the test gasoline. 
Following this the car was 
placed on the chassis-dynamom- 
eter rolls in the low-temperature 
chamber, the general arrange- 
ment of which is shown in Fig. 
1. This room takes the entire 
car, and its temperature can be 
controlled from —35 to +120 deg. 
fahr. The control apparatus, 
as well as most of the measuring 
and indicating instruments used, 
are located in the adjoining 


find 
the 


the 


various 


cranking 


cars 


under which 


was found to be 


at tem- 


25 deg. fahr. 


to be a con- 


is concluded a 


35 r.p.m. is desir- 








a cold engine. 

The two factors of fuel and 
lubricants were not separated, because of results ob- 
tained in previous tests in which we determined the 
effect of the lubricant upon the required starting 
torque, the shape of the speed-torque curves for various 
lubricants, and the relation of the electric-starter char- 
acteristics to the engine demands. 


Method of Conducting the Tests 


From the results of these tests we realized that the 
two factors of fuel and lubricant were inseparable, par- 
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room, which is shown on Fig. 2. 
The engine was now warmed up 
until the oil temperature reached 100 deg., and the 
cooling water 160 deg. The car was then allowed 
to cool down overnight, usually to 0 deg. fahr. To 
expedite this cooling, the room temperature was held 
at —10 deg. until the crankcase-oil temperature reached 
0 deg., when the room temperature was quickly raised 
to 0 deg., and the entire equipment then allowed to 
soak for 3 hr. This soaking period was found essen- 
tial to obtain accurate and reliable data and cannot be 
dispensed with if reproducible results are to be ob- 
tained. 
The actual starting operations were now conducted. 
The method of observing engine speed varied from car 





to car; often considerable ingenuity was required to 
get the low cranking speeds accurately. Our most ex- 
perienced man took his place at the wheel of the car 
with a stop-watch mounted in front of him, another 
stood alongside the car with a second watch to clock 
the time to the first explosion, while a third man checked 
the engine cranking speed. The foreman then stepped 
on the starter for 10 sec. with the ignition off. This 
was to determine the cranking speed in case the engine 
should start on the first attempt. The ignition was then 
turned on and the first starting attempt made, the 
starter being engaged for 10 sec. and then released if 
the starting attempt was unsuccessful. The throttle 
was set one-quarter open and the choke applied as skill- 
fully as possible. A second attempt was made after 20 
sec. had elapsed. This procedure was repeated up to 
nine times unless a start was obtained before that time. 
When a start was obtained, a record was kept of the 
time when it was necessary to close the choke and the 
time required before the engine would idle without the 
use of the choke. If the engine failed to start, the rear- 
wheel dynamometer was used to start it and the engine 
was again warmed up until the oil temperature was at 
100 deg. and the cooling-water temperature was at 160 
deg. fahr., after which it was cooled down to the next 
higher test temperature. All tests covered the use 
of at least two different lubricants in the crankcase and 
two or more gasolines in the fuel tank. To maintain 
accuracy, only two test temperatures per day were 
secured. Crankcases were always drained while hot 
and were flushed with the next test oil before recharging 
with that oil. 

The question of storage-battery condition caused some 
concern, but it was finally decided to keep the battery 
cutside the room during the overnight cooling and to 
recharge the battery after the attempts to start at each 
temperature. The battery was checked by the use of a 
hydrometer and by a stalling torque-stand test prior 
to each period of use. We have found that contact re- 
sistance at the battery terminals could produce a 25- 
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per cent change in torque, and this alone probably ac- 
counts for many starting difficulties. This does not 
necessarily mean loose connections; as we have often 
checked the torque, then loosened the terminals, and 
upon retightening we have found the torque to be low. 
We now make special battery terminals for each test 
which are not disturbed from the battery while the car 
is on test. Irregularities in starting torques have vir- 
tually disappeared since taking this added precaution. 


Data on Viscosity at Low Temperatures 


When this work was begun it was found extremely 
difficult to secure accurate viscosity data at low tem- 
peratures to correlate results obtained. A very ex- 
tensive program was therefore laid out, and viscosity 
characteristics of various oils were determined at tem- 
peratures from —40 to +400 deg. fahr., three viscom- 
eters being used. Fig. 3 is a chart giving the tempera- 
ture-viscosity results obtained in the range covered by 
this paper. It is based on Vogel’s equation, the three 
constants of which were obtained in the aforementioned 
work which covered tests on all the various types of 
crude. The construction of this chart is such that if 
viscosities at two temperatures of any oil are known, the 
viscosity at any other temperature falls on the straight 
line through these two points. 

The determination of the constants and the develop- 
ment of the chart will be the subject of a later paper by 
R. G. Sloane and W. C. Winning, who developed it. At 
low temperatures the viscosities so determined are those 
for high rates of shear, and for this reason are appli- 
cable to the cold-starting conditions encountered in 
starting an automobile engine. 

The method of determining the limiting conditions 
under which a car may be started is illustrated in Fig. 
4. The data are plotted for two cars, one of which was 
easily started while the other may be classed as a hard 
starter. Each plotted point represents one test at a 
given temperature with a given lubricant in the crank- 
case. In every case, differences in cranking speed are 
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Fic. 
The Viscosity of an Oil at Any Temperature Can Be De- 
termined from This Chart by the Following Procedure: The 
Viscosities of the Oil Are Determined at 100 and at 210 Deg. 













due either to a change in temperature or to the use of 
a different lubricant. For example, car No. 16 had a 
cranking speed of 21% r.p.m. when using a lubricant 
having a viscosity of 50,000 sec. at the starting tem- 
perature of 10 deg. fahr. Under these conditions a 
start was obtained. When a lubricant having 60,000 
sec. viscosity at the same temperature was used, the 
cranking speed was reduced to 16% r.p.m. and the 
engine did not start. The exact viscosity and cranking 
speed which would just produce a start is determined 
by plotting the data for all the tests made on each car 
and locating the limiting point on the curve. For car 
No. 16, this point lies between the conditions given 
above, and is shown on the chart at 19 r.p.m. and 55,000 
sec. viscosity. 

Sometimes the exact location of the starting locus 
is not so easily determined, particularly for cars that are 
hard to start. Car No. 1 illustrates this point. The 
car could not be started when the oil used had a viscosity 
of 17,000 sec., which permitted a cranking speed of 
34 r.p.m., but the engine was started when the viscosity 
of the oil permitted a cranking speed of 45 r.p.m. The 
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CARS 


starting locus apparently lies between these two points. 
The exact location decided upon, 44 r.p.m. at 9000 sec. 
viscosity, was determined from the number of attempts 
necessary to get the car started at 45 r.p.m., the number 
of times the engine fired at 34 r.p.m. without starting, 
and the ease with which the engine was kept going 
after it had started. Fortunately such interpolation 
was not necessary in many cases. It will be observed 
that this chart, as plotted on semi-log paper, has 
straight-line curves. In other words, the viscosities 
as determined from the temperature-viscosity chart are 
applicable to engine conditions, and vice versa, the vis- 
cosity of the oil in the engine causing shearing re- 
sistances proportional to the viscosities determined at 
high rates of shear. 


Cars Require Oils of Low Viscosity 


Data for 17 different cars were collected in the manner 
described, and the results are given in Table 1 and 


TABLE 1—-LOW-TEMPERATURE STARTING DATA FOR CARS 
TESTED 
Minimum Maximum 
Cranking Allowable 
Number of Car Speed, Viscosity, 
Cylinders No. R. P.M. Saybolt Sec. 
Cylinder Displacement Over 350 Cu. In. 
6 5 38 19,000 
6 4 55 17,500 
Cylinder Displacement from 300 to 350 Cu. In. 
8 1 44 9,000 
S 9 30 28,000 
8 10 35 29,000 
6 14 25 50,000 
Cylinder Displacement from 250 to 300 Cu. In. 
6 7 35 22,000 
8 12 30 38,000 
8 8 30 25,000 
8 16 19 55,000 
Cylinder Displacement Less than 250 Cu. In. 
6 2 60 9,000 
6 6 30 20,000 
6 11 23 35,000 
6 13 40 43,000 
6 15 29 55,000 
4 17 40 85,000 
6 3 64 13,500 
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Fic. 7—CRANKING CHARACTERISTICS OF SEVERAL OF THE 
CARS TESTED 


shown graphically in Fig. 5. It will be observed that 
no relation exists between size of engine or number 
of cylinders on the one hand and ease of starting on the 
other. The striking thing about these data is the ex- 
tremely wide variation from car to car. Two cars re- 
quired that the crankcase-oil viscosity should not ex- 
ceed 9000 sec. if starting is to be accomplished, while 
two others start readily with viscosities as high as 
55,000 sec. The other cars are spread out evenly be- 
tween these twu extremes, with the exception of one 
four-cylinder car, No. 17, which started with an oil 
having a viscosity of 85,000 sec. at the starting tem- 
perature and had a cranking speed of 40 r.p.m. at the 
same time. If all cars could match the cold-starting 
performance of this model, there would not be much of 
a cold-starting problem. 

Fig. 6 shows the data for all 17 cars plotted on a 
basis of minimum cranking speed necessary to start 
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TABLE 2—-VISCOSITIES OF VARIOUS OILS IN S.A.E. 
SAYBOLT SEC. 


CLASS NO. 20, 


Oil No. cn Temperature, Deg. Fahr.- - am, 
0 10 20 30 100 210 

l 35,000 17,000 8,500 4,700 301 54 
2 37,000 18,000 9,200 4,900 294 52 
3 44,000 20,500 10,500 5,300 344 56 
{ 46,000 20,500 10,500 5,400 296 50 
5 50,000 23,000 11,500 6,100 366 56 
6 50,500 23,000 12,000 6,150 375 58 
7 62,500 27,500 13,200 6,600 335 50 
S 63,000 27,000 12,500 7,000 332 50 
9 65,000 28,000 3,000 6,950 351 52 
10 70,500 30,600 14,600 7,490 359 52 
11 83,000 34,000 16,000 7,850 325 47 
12 83,500 35,900 15,700 8,490 357 49 
13 45,000 21,000 10,000 888 49 
14 61,000 27,000 13,700 459 52 
versus maximum allowable viscosity to permit that 


cranking speed. This chart serves simply to indicate 
the limits of what may be considered the normal start- 
ing characteristics of a majority of cars. According to 
this, the present average normal limits are between 
20 and 40 r.p.m., requiring that the crankcase oil hav 
a viscosity between 18,000 and 40,000 sec. at the starting 
temperature. We believe the spread indicated above 
to be excessive and indicative of unsatisfactory design 
on many cars. 


Cranking Speeds Are Low in the Cold 


Cranking speed of the various cars for different vis- 
cosities of lubricating oil at various temperatures is 
shown in Fig. 7, as a matter of interest. This further 
brings out the wide variation in the relationship be- 
tween starting-motor torque and engine-friction torque. 
Car No. 17 is the four-cylinder one referred to before, 
and the curve for this car apparently shows the proper 
speed-torque characteristics. The important thing in 
starting-motors is high torque value maintained over 
a reasonably wide speed range; high free-running speeds 
are not necessary. 

The viscosities of 14 oils falling within S.A.E. No. 20 
limits and marketed on the Atlantic Seaboard are shown 
in Table 2 and charted in Fig. 8. Since most car man- 
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TABLE 3—DATA SHOWING IMPORTANCE OF CRANKING SPEED 
Cranking 
Car Temperature, Speed, Attempts 
No. Deg. Fahr. R.P.M. to Start Start 
16 10 15 9 None 
16 10 30 1 Easy 
11 0 15 9 None 
11 0 43 2 wasy 
11 10 33 9 None 
2 20 50 9 None 
2 30 68 1 Easy 
10 0 19 9 None 
10 0 38 4 Difficult 


ufacturers recommend oils of this class for winter use, 
the significance of the limits as determined in the fore- 
yoing paragraph become apparent. If we assume that 
all cars will start provided the viscosity of the oil 
does not exceed 18,000 sec., then 25 deg. fahr. is the 
limiting temperature at which these cars can be started. 
All but two oils would permit a start at 20 deg., while 
two others would permit a start at 10 deg. If we 
assume, optimistically, that all cars will start if the 
oil viscosity never exceeds 40,000 sec., then 15 deg. is the 
limiting temperature. In this classification, two oils 
will allow starting at 10 deg. and two at 0 deg. Naturally 
there are cars which fall outside these limits, but in the 
main we believe the foregoing will hold true. 

The results of these tests may seem inconsistent with 
the fact that people start their cars in subzero weather ; 
but it must be remembered that all the tests reported 
were made with new oil in the crankcase, whereas under 
actual conditions the crankcase oil may have as much 
at 30 per cent dilution. Also, a car standing overnight 
in a sheltered place—particularly the battery, which is 
usually well insulated in its case—rarely gets down to 
the prevailing air temperature even after 8 to 12 hr. 
of exposure. 

While there are undoubtedly differences in the ease 
of starting with gasolines having different distillation 
characteristics, our data lead us to the belief that this 
phase of the starting problem is receiving undue em- 
phasis, and that the ultimate solution will be in: (a) 
designing the starting equipment, carbureters, mani- 
fold, and ignition systems so that starting at low crank- 
ing speeds will be possible; and (b) improving oils and 
changing oil specifications so that oils of suitable vis- 
cosity at the desired temperatures can be procured. 


Cranking Speed Determines the Start 


Some typical data emphasizing the importance of 
cranking speed are assembled in Table 3. We might 
summarize these data briefly as follows: 

(1) Car No. 16, at 10 deg. fahr., fired seven times out 
of nine attempts with a cranking speed of 15 
r.p.m. but could not be made to start. When 
the oil was changed to permit of 30 r.p.m. at 
the same temperature, the car was started at 
the first attempt. 


(2) Car No. 11, at 0 deg., did not even fire in nine 
attempts when the cranking speed was 15 r.p.m. 
or below, but it started on the second attempt 
when an oil was used which allowed a cranking 
speed of 43 r.p.m. at the same temperature. 
When an oil was charged which allowed a crank- 
ing speed of 33 r.p.m. at a 10-deg. higher tem- 
perature, nine attempts to start failed although 
the engine fired on six of the nine attempts. 
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(3) Car No. 2 failed to start at 20 deg. with a crank- 
ing speed of 50 r.p.m., although at 30 deg. it 
started on the first attempt when the cranking 
speed was 68 r.p.m. 

(4) Car No. 10, at 0 deg., failed to start at 19 r.p.m. 
and started with difficulty when an oil was used 
permitting 38 r.p.m. 

Considering these four cars, one would not start at 

a temperature below 30 deg., while another started 
readily at 0 deg., showing that cranking speed and 
manifold design are the controlling factors. 

These data must not be interpreted to mean that 
gasoline volatility has no significance in cold starting. 
Other factors being the same, it has an important in- 
fluence; but the major factors are those affecting crank- 
ing speed, carburetion, and manifold performance under 
starting conditions. 


Observations from Tests 


A few of the experiences which we have had in test- 
ing various cars are enumerated in the following: 


(1) Our earliest method of approximating cranking 
speed involved the use of a Neon tube held close 
to one of the spark-plug terminals and clock- 
ing the time for a given number of flashes. We 
subsequently found that in practically every 
instance a flash appeared every time any cylin- 
der fired; in fact, if the spark-plug were re- 
moved from the engine and laid on its side, 
several weak sparks could be observed for 
every good spark. This did not happen at nor- 
mal temperatures, and it is quite possible that 
moisture and reduction of insulating properties 
may add to starting difficulties in this manner. 

(2) The heavy grease used to protect starter-gear 
splines during storage is not always removed 
when the car is assembled and in cold weather 
may cause the starter gear to remain in mesh 
and eventually ruin the starter armature by 
spinning it at too high speed. In the Bendix- 


type starter this prevents the gear from en- 
gaging with the flywheel. 

(3) In general a 10-sec. application of the starter 
raises the temperature of the battery solution 
about 1 deg. It is therefore fallacious to think 
that the battery warms up appreciably on the 
first starter application. 

(4) The frictional resistance of the crankcase lubri- 
cant at low temperatures may be higher than 
the full torque which the engine can deliver. We 
have had clutches slip when trying to turn some 
engines over by means of the rear-wheel dyna- 
mometer. 

(5) The same fully charged battery, tested at 70 and 
0 deg., may show a 50-per cent loss in cranking 
speed at the lower temperature, depending upon 
its age and condition. 

(6) Carbureter floats stick in cold weather. When a 
car fails to start, it can occasionally be made to 
start very easily after striking the float bow] 
sharply. 

Aside from the efforts which the petroleum industry 
is making to improve the low-temperature performance 
of its fuels and lubricaants, improvements along other 
lines are also necessary, and the following suggestions 
are offered: 


(1) That car manufacturers and electric-starter man- 
ufacturers strive to produce a unit which will 
crank the engine at 35 r.p.m. or faster under 
the worst conditions which are anticipated. 


(2) That some attention be given to the design of the 
choke to permit quick manipulation. In border- 
line cases a great deal may depend upon the skill 
and speed of the operator in handling the choke. 
Choke efficiency might well be improved. 


(3) That the ignition-equipment manufacturers im- 
prove their apparatus so that good ignition can 
be obtained at low temperatures and very low 
speeds. Battery-terminal design should be im- 
proved to reduce contact-resistance losses. 





An Internally Cooled Exhaust Valve 


(Concluded from page 203) 


dropped out of the race because of valve trouble. These 
were cars of which much was expected, but each of 
them had the misfortune to have a valve drawn into 
the cylinder. Compression-ratios in this race ranged 
trom about 5.8:1 to 12:1. The winning car had a com- 
pression-ratio of 10:1 and second place was taken with 
a four-cylinder engine having a compression of 9.5:1. 
One striking fact was that the first two cars to finish, 
averaging 100 m.p.h. for the 500 miles, showed gasoline 
consumptions of about 10 to 12 miles per gal. The race 
is having its effect on 1931 stock cars. I understand 
that one of them will have a compression ratio of 7:1. 
The valves in a high-compression engine are subjected 
to extremely high temperature before they are opened, 
but the temperature is lower at the time of opening 
than in an engine having lower compression. 
Improvement in spark-plugs also has played its part 
in making possible higher compression. The electrodes 
in the newest plugs project out of the shell so far that 
the inrushing gases keep them cool; but the insulator, 
inside the shell, gets red-hot, so that it will not get 


fouled when running even with a great deal of idling. 

Mr. HaArrRis:—A night-flight test was made of a 
Wasp-powered Boeing mail airplane that was used in 
student instruction by the Boeing School of Aeronau- 
tics. The engine had been used for a total of 1411 hr., 
100 hr. of which was since its last overhauling, at which 
time Friedl air-cooled exhaust valves and Venturi stacks 
were installed. The valves were made of Aerochrome 
non-magnetic metal, which is non-corrosive, and were 
not heat-treated. 

The nine exhaust stacks had a total weight of 50% 
lb., replacing an exhaust ring and stack weighing 107 
lb. They produced a difference in pressure between the 
air-inlet tube and exhaust-pipe passage equivalent to 
25 in. of water at full throttle at a cruising speed of 
1625 r.p.m. and 30 in. of water at 2000 r.p.m. No flame 
was visible from this tube at full throttle with either a 
rich or lean mixture. 

The engine speed at full throttle was increased from 
1550 to 1660 r.p.m. on the ground and from 1850 to 2000 
r.p.m. in the air. Noise was reduced about 15 per cent. 
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without expenses 

such as would be incurred in changing 
a riveted structure. Whether riveted or 
welded construction wins greater favor 
in the future will depend partly on the 
ease and economy of fabrication and 
the strength obtainable for a given 
weight of material. Heat-treating 
gives superior results in this respect. 

Procedure control’ has been devel- 
oped by the American Bureau of Weld- 
ing to increase the safety and reli- 
ability of welding. Those who are con- 
templating the use of welding or who 
have been welding without procedure 
control will find a study of this sub- 
ject worth while. 

Two major problems exist in connec- 
tion with welding, the design of the 
joints and the responsibility of the 
welder to produce sound welds. Our at- 
tention here will be given to the pro- 
duction of sound welds. In this, the 
control of the gas-welding flame, elec- 
tric-arc flame and the pressure and 
time of heating in resistance welding 
are of the utmost importance. 

After the engineer in charge has de- 
cided upon the type of weld and the 
heat-treatment, the next task is to su- 
pervise and to keep a check upon the 
welding machine and operator. In the 
following I will consider the causes of 
failure and their remedy for welding 
operations of different types. 

Oxy-acetylene, oxy-hydrogen, 
tric-arc and_ resistance-welding are 
used almost universally for aircraft 
and automobile construction in this 
Country. The tendency is to introduce 
automatic welding equipment to speed 
up production and reduce failures and 
costs. Automatic arc-welding machines 
for rear-axle housings and drive-shaft 
assemblies are being made by various 
manufacturers. 


elec- 


Zones of the Oxy-Acetylene Flame 


The oxy-acetylene flame is the most 
widely-used method of welding. The 
neutral flame consists of three zones, 
as shown in Fig. 1, from an article by 


1 Abridged from paper read at a recent 
meeting of the Northern California Section 
by N. F. Ward, assistant professor of ma- 
terials treatment, University of California, 
Berkeley, Calif. 


2See S.A.E. JouRNAL, December, 1929, p 
677. 

8See 1927 Jahrbuch der Deutschen Ver- 
suchsanstalt fiir Luftfahrt, p. 76. Trans- 
lated in N.A.C.A. Technical Memorandum 
No. 453. 





A. Rechlich and M. Schrenck*. The 
flame is reducing in reaction in zones 1 
and 2. Zone 2, in which oxygen from 
the air is uesd in burning, is the best 
working portion of the flame. Infiltra- 
tion of the air in zone 3 is more than 
is required for complete combustion, so 
that the reaction here is oxidizing and 
nitriding. The temperatures at dif- 
ferent portions of the flame are indi- 
cated in Fig. 1. Decreasing the pres- 
sure on the oxygen in the flame results 
in a reducing reaction, in which free 
carbon is thrown out. Such a flame is 
lower in temperature than the neutral 
flame and has not such a clearly de- 
fined inner cone for zone 1. 

Welding with a carbonizing or re- 
ducing flame increases the carbon con- 
tent of the iron, thus making it less 
ductile in the affected area and more 
susceptible to fatigue failure than in a 
weld from the neutral flame. Reducing 
flames, in which the temperature is 
lowered by an excess of C:H:2 as the 
free carbon escapes unburned, have 
been used successfully in welding 
heavy-gage aluminum. The excess of 
C:H: also prevents oxidation, boiling 
and blowhole formation in the overlaid 
coating of hard-surfacing material in 
hard-surfacing tail-skid shoes. 


Electric-Arc Welding 


The components of the electric me- 
tallic arc as used for direct-current 
welding of low and medium-carbon 
steels are illustrated in Fig. 2. It will 
be seen that the electrode is negative 
and the work positive. The direction 
of the current is reversed for non-fer- 
rous metals and for some steel alloys 
which are readily oxidized, because the 
positive side of the work is the hotter 
of the two. 

With sufficient voltage to break 
down the air-gap through ionization, 
the arc forms part of an electrical cir- 
cuit which generates sufficient heat to 
melt the rod and parent metals. As 
the metal of the electrode is melted 
into plastic globules, the globules pro- 
ceed downward, under the influence of 
both electrical pressure and gravity, at 
the rate of 5 to 6 per sec. when the arc 
gap is of the correct length, usually 
3/32 in. in light work. The are con- 
sists of three parts: the central core, 
the intermediate stream and the outer 
flame. As the metal globules proceed 
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crater metal by capil- 

lary action. The cur- 
rent is maintained nearly constant by 
means of an arc-stabilizing unit in the 
welding-generator circuit. 

The passage of less than five glob- 
ules of metal per second indicates that 
the are is too long, allowing contami- 
nation from atmospheric air which is 
usually expanded by the heat of the 
are so that it causes an explosion as 
the metal particles impinge upon the 
air, resulting in spattering the hot 
metal as the arc erupts. Even without 
eruption, too great an air-gap causes 
blowholes in the weld matrix. Similar 
conditions result when the arc is ad- 
vanced too rapidly, leaving a porous 
and coarsened top to the weld bead. 

Another common cause of difficulty 
with the are prevails when too much 
current is used or when the arc is ad- 
vanced too slowly. Under these condi- 
tions, the excessive heat melts more 
metal than can be consolidated in the 
weld, and an unnecessarily thick bead 
piles up. The surplus metal flows over 
the side of the bead and is chilled so 
that it cannot be fused with the parent 
metal, leaving an overlap of useless 
metal. Under most of these conditions, 
the metal is badly burned and oxidized. 
Remedies lie in the use of current, arc 
length, size of rod and speed of weld- 
ing that are correct as specified for 
the thickness of metal being welded. 

Insufficient current results in an un- 
dersized bead and insufficient penetra- 
tion of molten metal or depth of fusion 
to give a strength of weld equal to that 
of the plates being welded. A correct 
weld has good fusion, no blowholes or 
“cold shuts” and no overlap. Use of 
the correct size of rod, correct length 
of arc, suitable welding current, thor- 
oughly trained operators and correct 
position and speed of the electrode are 
essential in the production of sound 
welds. 


Resistance Welding 


Resistance welding—including butt, 
flash, seam, upsetting, projection and 
spot welding—have been applied to 
both automobile and aircraft produc- 
tion by the Ford Motor Co. The prin- 
ciple utilized is that a poor conductor 
of electricity heats more rapidly than 
does a good conductor. Passing large 
flows of alternating current, 19,000 
amp. average, through mating sheets 
or tubes which are clamped by elec- 








trodes causes the steel to be forged 
electrically at plastic heats or consoli- 
dated as one unit at the point where 
the heat is localized. Typical applica- 
tions of this method are to wire wheels, 
automobile bodies, airplane _ struts, 
drive-shaft assemblies, rear-axle hous- 
ings and frame reinforcements. 


Temperature Stresses in Welds 


Successful welding involves a close 
study of the chemical and physical ef- 
fects of welding heats upon the metals 
at the weld and the parent metals. The 
effect of expansion and contraction is 
important in welding technique. Con- 
traction or shrinkage during cooling 
localizes cooling stresses in the parts 
affected. If these stresses are not com- 
pensated for by annealing operations, 
fluxing rods and suitable width of gap 
between plates or structural members, 
failures occur where the internal stress 
is greatest when the parts 
jected to external loads. 

If the welding is done at a tempera- 
ture of 3000 deg. fahr. while the metal 
in the original plate is heated to only 
1000 deg., the weld will shrink three 
times as much as the original plate. 
The metal at the juncture must yield 
sufficiently to take up the difference in 
contraction. Failure is prevented by 
superior strength and ductility of the 
steels being welded in many cases 
where no elaborate methods are fol- 
lowed to adjust or distribute the tem- 
perature stresses. 

Preheating of the casting before 
welding and gradual cooling after 
welding is essential to success in weld- 
ing cast iron, since this metal has vir- 
tually no ductility and the slightest 
amount of localized temperature stress 


are sub- 


Zone! 
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will cause inherent cracks in the iron 
matrix and hasten failure at these 
points. 


Annealing Needed to Preserve Strength 


Welding processes in general leave 
the weld and its adjoining parts with 
less actual strength than would be in- 
dicated by the natural strength due to 
the chemical composition and grain 
size less the temperature stresses. 
Temperature stresses are higher or 
more intensified when the areas in 
which the heat is localized are small. 
As the heated area is reduced because 
of high welding temperatures, the 
stress intensity approaches or exceeds 
the safe working stress of the material 
if no adjustment of stress has been 
provided for by annealing, peening or 
fluxing rods. Evidences of excessive 
temperature stresses are found in sur- 
face cracks in and near the welds. The 
strength of a weld is maximum only 
when the temperature stresses are re- 
duced to the minimum. 

Annealing may be of two kinds: (a) 
stress-relief annealing, accomplished 
by heating the weld and adjacent areas 
to a dull red heat and allowing them to 
cool in the air; (b) full annealing, 
done by heating the welded material 
above the critical temperature long 
enough for recrystallization of the 
grain structure to smaller size and per- 
mitting the metal to cool to room tem- 
perature in the air. Peening is done 
after the weld is completed and has a 
similar result to hot-working of the 
metal, which refines the iron grain and 
distributes the temperature stresses. 
Fluxing rods are used to prevent chil- 
ling of the weld while it is cooling and 
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serve to prevent contamination of the 
weld with air. All of these methods 
are intended to increase the strength 
of the weld through increasing grain 
strength and decreasing the severity 
of the temperature stresses. 


Temperatures for Resistance Welding 


Resistance-welding temperatures are 
in the forging range, about 2200 deg. 
fahr. Stresses are localized closer to 
the bonding surface than in other types 
of welding because the heat is concen- 
trated more intensely under the elec- 
trode surfaces, resulting in the devel- 
opment of a coarse grain structure in 
this region. A study of failures in re- 
sistance welding show more abrupt 
changes from coarse to fine grain 
structure than in gas or are welding. 
Failures of resistance welds in this 
area are common. For illustration, a 
spot weld in hot-rolled steel plate 
failed by separating at the juncture 
between the coarse and fine grain, the 
coarsened-grain portion pulling out as 
a rivet is pulled from its hole. Full an- 
nealing must be resorted to in order to 
improve the grain strength after this 
weld. 

Difficulties in producing welds of op- 
timum strength increase as the speed 
of welding increases in automobile and 
aircraft manufacture. Many difficul- 
ties have yet to be overcome in welding, 
but modern science has assisted in 
making the method effective for ioin- 
ing structural members. The economic 
question is not how fast a weld can be 
made so much as it is how much it will 
cost to make a weld stronger and more 
serviceable than a joining made by 
other methods of fabrication. 
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1—NORMAL OxyY-ACETYLENE WELDING FLAME 


6700 deg fahr 


Fic. 2—DIAGRAM OF WELDING PROCESS WITH METALLIC ARC 


February, 1931 










































































































































































































































































































‘HIS question 
leads to a point 
that is frequently 
overlooked; namely, 
the difference be- 
tween general ac- 
counting and cost- 
keeping. Much of 
the difficulty with depreciation would 
be eliminated if the truck owner would 
distinguish between the depreciation 
that he prefers to set up for general 
accounting and tax purposes, and the 
depreciation that represents cost and 
expense figures. For the general ac- 
counts, an owner may set up some ar- 
bitrary method that will write the 
truck off the books somewhat before 
the truck actually becomes of no capi- 
tal value. Some might want to write 
the equipment off as fast as possible; 
but the owner should not assume that 
this amount of depreciation is true 
operating cost. 

To obtain accurate costs, however, 
the owner must bring his own experi- 
ence factor into the situation. He 
must recognize the variable life in dif- 
ferent makes and the underlying va- 
riable conditions, and approximate 
greater or smaller economic life in his 
method of depreciation. Sometimes he 
will find it necessary to re-estimate his 
operating charge for depreciation, be- 
cause the original estimate of economic 
life was not correctly made. Where 
an arbitrary annual rate of deprecia- 
tion is to be used for the reduction of 
truck investment on the general books, 
a second, accurately estimated rate, 
either for the year or by the mile and 
based on probably economic life, must 
be used for cost-keeping purposes. The 
maintenance department should supply 
the proper information to check costs 
accurately, if not actually keep the 
cost records. 

The question is ofttimes 
What is the economical distance for 
motor-truck delivery? This depends 
entirely upon the amount of merchan- 
dise transported on any given route. 
To illustrate, a survey was made re- 
cently of a company delivering ice 
cream. The delivery system was di- 
vided into eleven routes running from 
32 to 110 miles per day. The 32-mile 
route delivered 4411 gal. of ice cream 
per month; whereas the 110-mile route 
only delivered 760 gal. of ice cream 
per month. The short-mileage route 
called for 58 stops in one day, whereas 
the long-mileage route was scheduled 
for only 20 stops per day. The cost of 
delivery was 24 cents per gal. for the 
short route, and 76 cents per gal. for 


1M.S.A.E. 
White Motor 


asked: 





Consulting field engineer, The 
Co., Cleveland. 
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Important Distinction Made 


Cost Finding and Keeping Versus “‘Cost Account- 
ing’ Analyzed by A. J. Scaife’ 


the long route, or over three times the 
cost per gallon. 

In summing up the entire cost of 
delivery for the entire group, the av- 
erage cost of delivery in 10 of the 11 
routes was 35 cents per gal. and the 
one route is 76 cents per gal., which 
is well over double the cost of the av- 
erage of the other 10 routes considered. 
Hence, one of several things had to 
be done; discontinue the route, increase 
the business, or arrange to ship the 
merchandise by express provided the 
rate is low enough. 

By keeping accurate cost-records, it 
is very easy to determine just which 
the profitable routes are and so avoid 


conditions similar to those already 
mentioned; because it is possible to 
use cost records from each one of 


different routes and thereby determine 
the delivery expense. This, together 









with the potential vol 


ume of the merchan- 
dise possible to sell on 
each route, will enable 
one to determine the 
economical distance 
for motor-truck deliv- 
ery. 

The greatest problem in this Country 
today is the problem of distribution. 
Economists admit that, as an average, 
it now costs more to distribute than 
it does to produce. We are living in 
a mechanical age in which quantity 
machine-production has pared to the 
bone production costs. If there is to 
be any further material reduction of 
living costs in this country, it must 
lie in the reduction of the distribution 
part of the cost of merchandise and 
products. Produce is transported over 
the highways from the farm, the forest, 
the mine and the factory, from whole- 
sale to retail stores and from store to 
consumer four, five and even ten times 
to the once or twice it is shipped by 
rail or water. Here is the part of the 
cost that must be reduced. The motor 
truck is the development of this century 
for the job. Why hamper it? Use it. 


Three Driver-Training Methods 


National Safety Council Pamphlet D-3 Classifies Kind of 
Instruction Needed 


FTER a man has been selected for 
employment as a commercial-ve- 
hicle operator, certain instructions must 
be given before he can be expected to 
work capably. In general, the most 
efficient, prompt, and courteous drivers 
have the fewest collisions, but proper 
training will do much to overcome any 
tendency on the part of any driver to 
have more than his share of accidents. 
The amount of emphasis placed upon 
training drivers depends on the kind of 
driving they will be required to do and 
the resources of the organization for 
giving instruction. Replies to a ques- 
tionnaire, sent to members of the Na- 
tional Safety Council who operate 
motor-vehicle fleets, indicate clearly 
three distinct methods of instruction, 
each applicable under certain condi- 
tions: 

(1) City bus companies usually pre- 
fer men—when they may be had—who 
have never driven, so that they may 
train their drivers from the beginning 
in the correct method of operating 
motor-vehicles. Thus, old and often 
faulty habits of driving do not have 
to be broken down and replaced by new 
ones which have been definitely demon- 
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strated as safe and efficient. A con 
siderable part of this training is car 
ried on in a classroom. 

(2) Companies who employ helpers 
for drivers almost invariably prefer to 
have each regular driver train hi: 
helper. This apprenticeship system has 
the advantage of giving the manage 
ment the opportunity to observe the 
ability and habits of the prospective 
driver for a long time before he is 
finally intrusted with the operation of 
a vehicle, and it becomes possible to 
use the more experienced helpers as 
drivers during the busy season. Firms 
engaged in package delivery, motor 
freight, moving and storing, baggage 
transfer, trucking of building mate- 
rials, and sometimes in handling coal 
and ice, usually follow this method. 

(3) A miscellaneous group of em- 
ployers selects men who have previously 
learned to drive, and instructs them 
only in the non-driving details of their 
particular business. Firms in the taxi- 


cab, milk, bakery, ice, and laundry 
businesses, and those which furnish 
salesmen, repairmen, inspectors and 


collectors with automobiles, generally 
follow this method. 





Reports otf Society Committees 


Meetings Committee Report 


fem an 11 National meetings staged by 
the Society in the 1930 administra- 
tive year, under the general direction 
of the Meetings Committee, were repre- 
sentative of the varied interests of the 
Society members, as all eight of the 
Professional Activities of the Society 
participated in arranging technical 
programs for these meetings. Five of 
the National meetings were on aero- 
nautic topics, and the programs for 
these meetings, as well as certain ses- 
sions at the Annual and Semi-Annual 
meetings, were outlined by the Aircraft 
and Aircraft-Engine Activities. The 
Production Meeting was, of course, ar- 
ranged by the Production Activity, and 
the Transportation Meeting was under 
the direction of the Transportation and 
Operation Activity and the Motorcoach 
and Motor-Truck Activity. The Annual 
and Semi-Annual meetings were co- 
operatively planned, all of the Profes- 
sional Activities contributing to the 
success of the program in each case. 
The Passenger Car, the Passenger-Car- 
3ody and the Diesel-Engine Activities, 
although holding no meeting devoted 
exclusively to their respective topics, 
made their influence felt by the con- 
tributions that they made to the pro- 
grams of the Annual and Semi-Annual 
meetings. In addition to the meetings 
sponsored by the Professional Activi- 
ties, the Society held, as usual, its An- 
nual Dinner during Automobile Show 
Week in New York City, the arrange- 
ments for this interesting event being 
under the direction of the Annual 
Dinner Committee. Moreover, the Mo- 
torboat Meeting was held cooperatively 
with the National Association of 
Engine & Boat Manufacturers, and 
its program was arranged chiefly by 
the Papers Committee of the Metro- 
politan Section. 

Several different parts of the Coun- 
try entertained the National meetings 
pf the Society in 1930, as the 11 meet- 
ings held throughout the year were 


staged in 7 different places. Detroit 
was the site of three of the meetings, 
and New York City was host to an 
equal number. The five other meetings 
were held respectively in French Lick 
Springs, Ind.; St. Louis, Chicago, 
Pittsburgh, and Miami, Fla., as will be 
seen from the accompanying table 
which presents several facts of interest 
in connection with the National meet- 
ings held during the 1930 administra- 
tive year. 

The Society has cooperated with 
other organizations in the holding of 
several of the meetings mentioned 
above. For example, the Aeronautic 
Meetings have been held in cooperation 
with the Aeronautical Chamber of 
Commerce of America, the Miami 
Aeronautic Dinner being held also in 
cooperation with the Greater Miami 
Industrial Association. The Motorboat 
Meeting, as already noted, was held in 
cooperation with the National Associa- 
tion of Engine & Boat Manufacturers. 

Section hospitality has been offered 
to the National Society whenever a 
meeting has been held in a city con- 
taining a local Section of the Society. 
The Detroit, St. Louis, Metropolitan, 
Chicago and Pittsburgh Sections have 
done the honors for National meetings 
during the administrative year just 
completed, and much of the success of 
the meetings is directly attributable to 
the earnest and well-directed efforts of 
the Section officers and members. 

A noteworthy feature of the work of 
the Meetings Committee in the last year 
was the staging of the 25th Anniversary 
Celebration and Pageant in connection 
with the Summer Meeting at French 
Lick Springs, Ind., in May. Exhibits in 
the Exposition Hall were available for 
inspection throughout the meeting and 
the pageant on the third day of the 
meeting was a spectacle that gave 
pleasure to the many hundreds of peo- 
ple who witnessed it. 

The 1930 Meetings Committee has 
consistently emphasized the desirability 
of starting all technical sessions on 


NATIONAL MEETINGS HELD FEBRUARY, 1930, TO JANUARY, 1931 


Location 


No.of No. of 
Meeting 1930 Date Sessions Papers 
Aeronautic St. Louis Feb. 18 to 20 6 12 
Aeronautic Detroit April 8 to 10 4 6 
Aeronautic New York City May 6 and 7 5 9 
Semi-Annual French Lick Springs, Ind. May 25 to 29 13 26 
Aeronautic Chicago Aug. 26 to 28 6 10 
Production Detroit Oct. 7 and 8 4 8 
Transportation Pittsburgh Oct. 22 to 24 6 11 
1931 
Aeronautic Miami, Fla. Jan. 8 1 2... 
Annual Dinner New York City Jan. 8 1 1 
Motorboat New York City Jan. 22 1 3 
Annual Detroit Jan. 19 to 23 17 34 
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time, the necessity for adhering to a 
definite and predetermined schedule in 
the presentation of papers, and the 
greater effectiveness obtained by re- 
fusing to overcrowd any session by the 
inclusion of so many papers that time 
will not be available for discussion. 
NORMAN G. SHIDLE, 
Chairman. 


Membership Committee 
Report 


T HE Committee presents the follow- 
ing membership statistics for the 
last year and also comparative figures 
for 1929 to show the progress made 
during the year. 


MEMBERSHIP BY GRADES FOR THE YEAR 
ENDED DEC. 31 


1930 1929 
Members 3,564 3,394 
Foreign Members 262 210 
Service Members 101 87 
Associates 2,286 2,237 
Juniors 700 647 
Affiliates 116 112 
7,029 6,687 
Affiliate Representatives 170 181 
Students 300 355 
Grand Total 7,499 1,223 
Applications for Member- 
ship Received 955 1,214 
Percentage of Applicants 
Qualifying 77 68 


The total net gain in members for 
the year was not as great as those of 
the last few years but the Committee 
feels that this is entirely justifiable due 
to recent business conditions, and at 
this time it wishes to express its sin- 
cere appreciation to those who have as- 
sisted in the work and made such a 
growth possible. 

F. K. GLYNN, 
Chairman. 


Publication Committee Report 


HE year ended Oct. 31, 1930, showed 

continued increased publication ac- 
tivity of the Society. In accordance 
with the authorization of the Council 
at the Semi-Annual Meeting in 1929, 
more text pages of papers and dis- 
cussion were added to the monthly 
issues of the S.A.E. JOURNAL, the in- 
crease amounting to 462 pp. in the 
fiscal year and to 122 pp. in the calen- 
dar year ended Dec. 31, 1930, compared 
with corresponding periods one year 
previously. Revenue advertising showed 
an increase of 16% pp., from 1420 to 
1436%4, in the fiscal year, and a de- 
crease of 148% in the calendar year. 
The ratio of text pages to advertising 
pages showed an increase, while the 
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S.A.E. JOURNAL 


JOURNAL 


Fiscal Year, Oct. 1 to Sept. 30 


1928-1929 Per Cent 1929-1930 Per Cent 
Text Pages 1,415% 49.9 1,877%4 57 
Revenue Advertising, pp. 1,420 50.1 1,436%4 43 
Total Papers and Discussion, 
pp. 789 55 1,113 4 59 
Total Departmental Matter 
and News, pp. 635% 45 763% 41 
Calendar Year, Jan. 1 to Dec. 31 
1929 1930 
Text Pages 1,715%4 54 1,837% 58 
Revenue Advertising, pp. 1,470% 46 1,321% 42 
Total Papers and Discussion, 
pp. 875 58 1,074 % 58 
Total Departmental Matter 
and News, pp. 620 42 763% 42 


ratio of text pages of papers and dis- 
cussion to departmental matters and 
news pages increased slightly in the 
fiscal year but remained the same for 
the calendar years 1929 and 1930. 

The accompanying tabulation pre- 
sents the data for easy comparison. 
The Council, at its meeting in Decem- 
ber, authorized continuation on the 
present basis of text pages, notwith- 
standing the decrease in revenue ad- 
vertising, feeling that the business 
situation will soon improve and that 
the prestige of the S.A.E. JOURNAL 
should not be allowed to suffer. 

During the last year many improve- 
ments have been made in the typog- 
raphy and general appearance of THE 
JOURNAL. 

Transactions 


TRANSACTIONS for 1929 was _ pub- 
lished and mailed in June, 1930, one 
month earlier than in 1929. The book 
was printed in a single volume and in 


TRANSACTIONS 
1928 1929 
(Two (One 
Parts) Part) 
Pages 580 700 
Papers and Discussion 72 91 
Classifications of Papers 
Passenger-Car Research 
and Design 5 7 
Engines, Fuels, Lubricants 
and Superchargers 32 34 
Chassis Parts 4 7 
Production 11 
Aircraft 8 20 
Motor-Truck, Motorcoach 
and Rail-Car 4 6 
Operation and Maintenance 6 13 
Materials 2 ~ 
Copies Distributed 1,628 8,250 


one part, whereas in 1929 it was printed 
in two parts in one volume. Last year 
3250 copies were distributed to mem- 
bers without charge, compared with 
1628 copies in 1929. The volume for 
1929 contained 700 pp., compared with 
580 pp. in TRANSACTIONS for 1928, and 





1 See 
274, 


2 See 
3 See 


THE JOURNAL, September, 1930. p. 


THE JOURNAL, October, 1930, p. 444. 


THE JOURNAL, September, 1930, p. 


19 more papers with discussion were 
printed last year than the year before. 
The figures are tabulated herewith. 


Handbook and Roster 


The 1930 S.A.E. HANpBooxk of 
Standards also showed an increase, of 
48 pp., with a slight decrease in reve- 
nue advertising. Five more pages were 
contained in the List of Advertisers of 
Products Conforming to S.A.E. Stand- 


ards in the 1930 HANDBOOK than in 
the 1929 HANDBOOK. 

S.A.E. HANDBOOK 

1929 19380 

Pages 680 728 

Advertising Pages 43 35 
List of Advertisers Con- 
forming to S.A.E. Stand- 

ards, pp. 45 50 


The S.A.E. Membership Roster for 
1930 was issued in a somewhat larger 
page size than formerly and contained 
20 pp. less than in 1929 but listed 364 
more members, including Affiliate Mem- 


S.A.E. ROSTER 


1929 1930 

Pages 442 422 
Members Listed, Including 
Affiliate Member Repre- 
sentatives and Enrolled 

Students 6,854 7,218 


ber Representatives and Enrolled Stu- 
dents. For the first time it contained 
a list of Enrolled Students and also a 
list of members deceased in the pre- 
ceding year. 
JOHN YOUNGER, 
Chairman. 


Research Commitiee Report 


HE research projects to which the 

Society’s Research Committee has 
devoted attention in the last year are 
fuels, riding comfort, wheel alignment 
and motor-truck impact-tests. 

A study of gasoline characteristics in 
relation to acceleration performance, 
vapor-locking tendency and detonation 
have occupied a goodly share of con- 
sideration in the research activities of 
1930. 








Engine Acceleration 


At the S.A.E. 1930 Summer Meet- 
ing, C. S. Bruce presented a fina! re- 
port’ terminating a study of the rela- 
tion between economic fuel-volatility 
and engine acceleration, which has 
been the subject of periodic reports be- 
fore the Society for the last few years. 


Vapor Lock 

The investigation of vapor lock in 
airplane fuel-systems, undertaken in 
1929 by the Bureau of Standards under 
the direction of the Fuels Research 
Subcommittee with funds provided by 
the Naturaline Co. of America, revealed 
the problem as one equally pertinent to 
the automobile industry. To convert 
the technique and equipment developed 
in this phase of the study to the ad- 
vantage of the automobile industry, 
the Cooperative Fuel Research Steer- 
ing Committee elected to sponsor an 
extension of the project to the auto- 
mobile field. 

A concluding report on the airplane 
phase of this research was presented 
at the Summer Meeting in a paper by 
Dr. O. C. Bridgeman and H. S. White, 
entitled Effect of Airplane Fuel-Line 
Design on Vapor Lock’. At the same 
meeting a paper entitled Effect of 
Weathering on the Vapor-Locking Ten- 
dency of Gasolines* was presented by 
Dr. Bridgeman and E. W. Aldrich. 

Since the Steering Committee felt 
that designers of automobile equipment 
could do much to minimize trouble from 
vapor lock by reduction of fuel-line 
temperatures, the decision was made to 
concentrate during the warm summer 
months on the phase of the program 
dealing with temperature measurements 
in automobile fuel-systems under oper- 
ating conditions. The investigation was 
undertaken on a cooperative plan, and 
these tests have resulted in information 
concerning the design characteristics 
that influence vapor lock and have in- 
dicated the changes that the engine de- 
signer can effect to secure the best 
possible performance with the fuels 
available. These results are reported 
in detail in a paper entitled A Survey 
of Current Automobile and Motorcoach 
Fuel-Line Temperatures, by Dr. O. C. 
Bridgeman and H. S. White. 


Detonation 


During the last year rapid strides 
have been made in the work on the 
three essentials to a uniform method of 
measuring the antiknock qualities of 
fuels. These are: first, a standarized 
engine and accessories; second, a com- 
mon reference-fuel or scale of fuels; 
and third, a uniform procedure. 

The design and construction of the 
Horning engine and preliminary tests 
have been referred to in previous re- 
ports. These tests indicated certain 
necessary minor changes in the design 
of the engine. At a recent meeting 
announcement was made that all sug- 
gested changes had been incorporated 


in the engine. Certain accessories to 
the engine, such as a suitable car- 
bureter, power-absorbing medium and 
other parts, are still in the course of 
development. The effect of engine 
variables on knock-testing results is 
the subject of a symposium sponsored 
by the Detonation Subcommittee sched- 
uled to occupy an entire session at the 
forthcoming Annual Meeting. 

Following the item of apparatus, the 
next essential to a uniform method of 
knock rating is a common scale of ref- 
erence fuels. This second item has 
been settled upon by agreeing to use 
normal heptane and iso-octane (2, 2, 
4-trimethyl pentane) as primary stand- 
ards. The Lubricants Division of the 
S.A.E. Standards Committee now has 
before the Standards Committee a pro- 
posal that this be made an §.A.E. 
Recommended Practice. 

The third essential to a uniform 
method of knock rating is a common 
procedure or method for making meas- 
urements. This phase of the work con- 
stitutes the present program. 

Another noteworthy step toward the 
ultimate goal of the Detonation Sub- 
committee’s work, that is, the establish- 
ment of a universally acceptable method 
of expressing knock-testing results, was 
taken when a group working along 
similar lines in Great Britain accepted 
the invitation of the Detonation Sub- 
committee to participate in this project. 
Negotiations are under way to extend 
this participation to other countries. 


Diesel-Fuel Research 


Profiting by the experience of the 
gasoline industry, which faced the prob- 
lem of meeting gasoline specifications 
established prior to a fundamental 
knowledge of gasoline characteristics, a 
program of research on the basic char- 
acteristics of Diesel fuels has been 
adopted so that data may be made 
available on which to base specifica- 
tions when the need arises. In arrang- 
ing for the financing of the project, 
the Ways and Means Committee is 
making a special effort to secure a large 
number of small contributions to the 
fund so that it may be not only a co- 
operative undertaking, but one truly 
representative of both the Diesel engine 
and petroleum industries. 

During the year this committee 
brought to a conclusion the original 
assignment and a final report, sum- 
marizing its findings and recommenda- 
tions, is now being considered. 


Highways and Riding-Comfort 


The Highway Subcommittee has con- 
tinued to represent the Society on the 
Cooperative Committee on Motor-Truck 
Impact-Tests, under whose auspices the 
Bureau of Public Roads has been con- 
ducting truck impact-tests. With the 
cooperation of the Bureau of Stand- 


*See THE JOURNAL, June, 1930, p. 804. 
_5See THE JOURNAL, September, 1930, p. 
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ards in the study of instrumentation 
problems, data obtained in previous 
tests were analyzed and reports pub- 
lished in the July and September, 1930, 
issues of Public Roads. A program of 
motorcoach impact-tests is now under 
way. 

Under a plan for coordinating the 
various phases of riding-comfort re- 
search, the work of the Riding-Comfort 
Subcommittee has made noteworthy 
progress in the last year. The investi- 
gation of bodily changes brought about 
as a result of riding fatigue has been 
extended to a larger and more-diversi- 
fied group of subjects, including taxi- 
cab drivers. The results of these tests 
are reported in a paper entitled Bodily 
Steadiness—an Index to Riding-Com- 
fort’, presented at the Summer Meeting 
by Dr. F. A. Moss, of George Washing- 
ton University, under whose direction 
this phase of the work has been carried 
out. In the course of the work an im- 
proved type of portable wabblemeter 
has been developed, and the results ob- 
tained using this device have been pre- 
pared for presentation by Dr. Moss at 
the forthcoming Annual Meeting. 


Prof. Ammon Swope and G. C. 
Brandenburg, of the department of 
psychology, Purdue University, pre- 


sented a report entitled The Psychology 
of Riding-Qualities’ at the Summer 
Meeting. This report covered the re- 
sults of the survey of subjective reac- 
tions of a limited number of riders. 
Recent progress in experimental work 
with the steadiness-meter will be re- 
ported at the forthcoming Annual 
Meeting. 
B. B. BACHMAN, 
Chairman. 


Sections Committee Report 


ITH the beginning of the fiscal 

year, the new dues plan went into 
effect thereby making all members re- 
siding in specified Section territories 
members of those Sections automati- 
cally. The Section territories were laid 
out on county lines and approved by 
the Council with the understanding that 
members residing outside of any Sec- 
tion territories might specify with what 
Section they wish to be affiliated, it 
also being understood that while they 
would be considered as a member of 
the specified Section, said Section would 
receive no dues for these outside 
members. 

At the 1931 Annual Meeting the six 
probationary Sections will submit 
statements of the work carried on since 
their inception and submit formal ap- 
plication to the Council for official 
recognition as regular Sections. These 
Sections with their organization dates 
are as follows: 


St. Louis August, 1928 
Pittsburgh April, 1929 
Wichita April, 1929 
Oregon December, 1929 
Syracuse December, 1929 
Baltimore January, 1930 
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The success of all of these Sections, 
particularly Pittsburgh, Baltimore and 
Oregon, has been very gratifying and it 
is felt that the worth of the Society 
has been considerably enhanced by all 
of the new Sections. 

The Twin-City Section, which was 
promoted but never reached the stage 
of holding any meetings, was aban- 
doned and the money appropriated by 
the Council returned to the Society be- 
cause of a decided lack of interest and 
support among the few members in the 
territory. 

At present members in Kansas City 
are attempting to promote a probation- 
ary Section and a meeting will be held 
some time before Feb. 1 to determine 
the extent of the support and interest. 
It is significant to note that the Resig- 
nations Committee has received a letter 
since the Kansas City Section was 
projected, requesting it to hold up a 
resignation in view of the possibilities 
of a Section in that territory, which is 
somewhat indicative of the value of 
Sections in holding members. 

The Sections have been very active 
in the professional activities, particu- 
larly aeronautics, with Wichita taking 
the lead and devoting all of its meet- 
ings to aeronautics, owing to the fact 
that the membership is over 90 per 
cent aircraft and aircraft-engine men. 

B. J. LEMON, 
Chairman. 


Standards Committee Report 


OR the 1930 administrative year 18 

Divisions of the Standards Com- 
mittee were appointed in place of the 
20 Divisions that were appointed the 
previous year, the changes being the 
discontinuation of the Agricultural 
Power and Equipment Division for the 
time being, the consolidation of the 
Transmission Division with the Parts 
and Fittings Division and the Motor- 
coach Division with the Motor-Truck 
Division, and the organization of the 
Diesel-Engine Division. A large part 
of the work of the Divisions was car- 
ried on during the year by 41 Sub- 
divisions. 

The special committees on Standardi- 
zation Policy, Methods of Expressing 
Limits and Tolerances and on Patents 
were continued, the first named being 
the only one to meet during the year as 
the activities of the American Stand- 
ards Association, other societies and 
associations with which the Society co- 
operates and the general economic and 
commercial situations have developed a 
number of questions affecting the So- 
ciety’s work.. At the time of preparing 
this report a meeting of the Committee 
was scheduled to be held early in Jan- 
uary to discuss policies in meeting the 
problems in standardization. 


Division Reports 


At the Summer Meeting of the So- 
ciety last May nine new standards or 
recommended practices, six revisions 


February, 1931 
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and two cancellations of existing stand- 
ards were submitted by eight Divisions 
and approved by the Society. At the 
time of preparing this report 13 new 
standards or recommended practices, 
14 revisions and 3 cancellations of ex- 
isting standards had been prepared by 
11 Divisions for submission to the So- 
ciety for approval at the Annual Meet- 
ing in January, 1931. 

These reports resulted from 23 Di- 
vision and Subdivision meetings held 
during the year, aside from a large 
proportion of the work that was done 
by correspondence with the Division 
members. 


S.A.E. Handbook 


The 1930 edition of the S.A.E. HAND- 
BOOK, issued early last March, included 
all S.A.E. specifications current at the 
close of the Annual Meeting in Jan- 
uary, 1930. The semi-annnal Supple- 
ment containing the new and revised 
specifications approved at the Summer 
Meeting at French Lick Springs, Ind., 
was issued in July. 

Aside from the standards and recom- 
mended practices published in the 
S.A.E. HANDBOOK, the Society has also 
issued four S.A.E. Production Engi- 
neering Standards as separate pam- 
phlets, three of which were revised in 
January, 1930, and reprinted. 


Sectional Committees 


During the year the Society was a 
sponsor for 10 Sectional Committees 
under the American Standards Associa- 
tion and represented on 18 others that 
were of interest to a smaller degree to 
the automotive industry. The most 
noticeable increase in the scope of sec- 
tional committee work was the addition 
of a number of new projects under the 
Sectional Committee on Small Tools 
and Machine-Tool Elements. 


International Standardization 


International activity in standardiza- 
tion continues to grow although, so far 
as the Society is concerned, no official 
action was taken during the year on 
any international projects. The So- 
ciety was officially represented at inter- 
national standardization conferences on 
aircraft held at The Hague last Jan- 
uary and at Milan, and Paris on auto- 
mobile standardization in April and 
May. 

During the year it has been indicated 
that probably standard specifications 
relating to motor-vehicle operation and 
maintenance will be developed before 
long for adoption and publication in 
much the same way that the present 
design and production engineering 
standards are formulated and adopted. 


General Activities 


As in previous years the Society 
has had representatives on approxi- 
mately 40 committees of other national 
organizations, governmental depart- 
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COMPARATIVE BALANCE SHEET AS 


Assets 
Cash 
Accounts Receivable 
Securities 
Accrued Interest on Securities 
Inventories 
Furniture and Fixtures 


Items Paid in Advance, Charges Deferred 


TOTAL ASSETS 


Liabilities and Reserves 
Accounts Payable 


Dues and Miscellaneous Items Received in Advance 
Reserves Set Aside for Anticipated Expenses 


General Reserve 
Net Unexpended Income 


TOTAL LIABILITIES AND RESERVES 


ments and bureaus and similar groups 
that are dealing with subjects involv- 
ing standardization. Many of these 
projects relate more particularly to 
general industry but all of them have 
some bearing on the interests and prac- 
tices of the automotive industry. 

The plans of the Society for stand- 
ardization activities during the coming 
year lie along the general lines already 
established for many years. 

A. Boor, 


Chairman. 


Treasurer’s Report 
HE 1929-1930 fiscal year closed 
with the Society in a very favorable 
financial position as the accompanying 
balance sheet and income and expense 
statement show. 
In brief, the total income of the So- 


INCOME AND EXPENSE AND BUDGET COMPARISON FOR 12 MONTHS, ENDED SEPT. 30 


Income 


Dues and Subscriptions 
Initiation Fees 

Affiliated Appropriations 
Interest and Discount 
Advertising Sales—S.A.E. 
Advertising Sales 
Miscellaneous Sales 
Profit from Sales of Securities 


TOTAL INCOME 


Expense 


Research 

Standards 

Publications 

Meetings 

Sections 

Professional Activities 

Cost of Membership Increase 


Cost of Advertising Sales—S.A.E. 
JOURNAL 

Cost of Advertising Sales—S.A.E. 
HANDBOOK 


Cost of Miscellaneous Sales 
General Expense 


TOTAL EXPENSE 
Net Unexpended Income 


OF SEPT. 30, 


$101,135.50 


JOURNAL 
S.A.E,. HANDBOOK 


$432,192.72 


$420,350.37 





1929, AND SEPT. 30, 1930. 


1930 1929 
$ 9,728.67 $13,523.59 
20,426.12 27,603.10 
215,601.25 214,577.00 
3,555.41 3,480.41 
827.90 1,038.95 
7,067.63 1,000.00 
7,253.69 5,332.88 





$266,555.93 


, 





$264,460.67 


$5,151.80 
16,459.25 
1,242.41 
229,764.86 
11,842.35 


$264,460.67 


$17,176.15 
17,691.49 
1,923.43 
211,058.16 
18,706.70 








$266.555.93 


ciety showed a gain of $27,054.64 over 
that of the previous year, while ex- 
penses increased $33,918.99. This left 
an unexpended income at the close of 
the year of $11,842.35 or $6,864.35 less 
than that of the previous year. Even 
with this decrease in unexpended in- 
come and a considerable decrease in the 
accounts payable at the close of the 
year the Society’s investments in se- 
curities were increased by $1,024.25. 

In the last few months of the calen- 
dar year the Finance Committee has 
been very active in urging that the 
strictest of economies be adopted in the 
budgeting of expenses for the coming 
year and active steps have been taken 
to guide the work of the Society along 
the most effective and economical lines 
befitting the present general financial 
conditions. 

C. B. WHITTELSEY, JR., 


Treasurer. 


ov. 


1930 1929 
$96,148.75 
18,975.00 
7,500.00 
10,647.97 
244,869.50 
12,000.00 
14,970.61 


26.25 


Budget 
$97,000.00 
18,000.00 
5,000.00 
12,000.00 
260,000.00 
12,000.00 
16,000.00 


18,739.00 
5,000.00 
11,528.61 
268,118.00 
9,500.00 
17,541.86 
638.75 





$405,138.08 $420,000.00 


$17,617.57 $18,264.56 $16,030.00 
17,827.69 22,990.79 21,130.00 
116,556.17 98,609.40 103,630.00 
41,213.59 35,807.79 40,050.00 
13,625.45 11,547.48 15,420.00 
379.36 584.67 4,000.00 


13,102.40 12,674.92 14,050.00 


85,482.78 74,804.21 77,410.00 


2,004.63 2,699.47 2,700.00 
8,597.91 7,215.46 6,460.00 
103,942.82 101,232.63 106,200.00 





$386,431.38 
$18,706.70 


$407,080.00 


$11,842.35 $12,920.00 
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Annual Meeting Report 


Concerning the importance of rubber 
in the automotive industry, Mr. Lee 
said in part that approximately 8 per 
cent of the total cost of the car is in 
rubber. Therefore, he believes that this 
material should be given its proper 
place in engineering departments, and 
that the problems of design and speci- 
fication of rubber parts should be an- 
alyzed in the same manner as for other 
components of the car. 

The conditions which Mr. Lee’s com- 
pany has found important in connec- 
tion with this choice of rubber quali- 
ties or stocks are: Temperatures and 
fixed compression-loads; abrasion; me- 
chanical deflection or deformation; pro- 
portions between movements and vol- 
ume; appearance or finish; chemical 
reactions on rubber and of rubber on 
other parts; manufacturing procedure; 
dimensional variations; and change of 
physical properties due to aging. He 
then analyzed these conditions in detail. 


Rubber-Usage Increase Noted 


In the prepared discussion submitted 
by Colin Macbeth, he stated in part that 
when adopting rubber as a component 
part of an automobile it has to prove 
itself to Mr. Lee as being suitable to 
the job and to be in such shape that it 
can be handled as a foolproof item in 
the hands of the average mechanic. It 
appeared to him that Mr. Lee goes 
farther than the average automobile en- 
gineer in specifying his requirements as 
regards physical properties of rubber 
items, instead of leaving the bulk of the 
development work, as regards mixings, 
cures and the like, to the rubber manu- 
facturers. 

From observation of American auto- 
mobile design there is undoubtedly, in 
Mr. Macbeth’s opinion, a substantial in- 
crease in the use of rubber at points of 
attachment between sprung and un- 
sprung parts; but, in this respect, the 
European use of Silentbloc Shackles 
even by very conservative producers 

goes to make the European car a 
“grease-gunless” job. Further, he said 
that there appears to be little that the 
properly proportioned rubber mixing 
cannot do today, so far as oscillating 
bearings are concerned. He enumerated 
all the locations on a motor-vehicle 
where the increased usage of rubber is 
desirable. 


Tires and the Rim Riddle 


The objective method of problem an- 
alysis, which aims to replace “I think” 
with “I know,” should be applied to the 
solution of the automotive industry’s 
rim-riddle, according. to Mr. Lemon. 
During car life, tire costs average more 





(Continued from p. 139) 


than thirty times rim costs. This makes 
rim design a major tire-problem. High 
speed, safety, appearance and service, 
focus present attention on automobile 
rims, wheels and tires. The history of 
clincher and flat-base straight-side tires 
and rims was reviewed. 

The English pioneered the well-base 
rim and decided that its success de- 
pends on the nice adjustment of rim 
dimensions to the requirements of the 
tire, said Mr. Lemon. English and 
American international standards of 
drop-center rims seem likely to be 
adopted. German drop-center rims re- 
semble the English standard and in- 
clude a safety type of rim. The French 
drop-center rim and tire are not inter- 
changeable with other European or with 
American equipment. 

In the United States the drop-center 
rim was first used on Ford and on Lin- 
coln cars, Mr. Lemon continued. The 
great change to the drop-center tire 
and rim by Chevrolet, Chrysler, Willys, 
Pontiac, Essex, and other quantity- 
production car-manufacturers in 1929 
and in 1930 indicates that previous 
wariness of adoption has been over- 
come. Rim, wheel, and tire alterations 
are under way in proportion to the sud- 
denness and extent of this equipment 
change. 

Methods of putting on and removing 
both small and large-size tires are sug- 





gested in Mr. Lemon’s paper. Rim 
strips and location of valve holes are 
discussed, and a semi-drop-base rim is 
described. The tabular data cover pre- 
sent original-equipment  tire-and-rim 
sizes for English, German, French, and 
American 1931 cars. Rim profiles and 
dimensions are included. Opinions and 
experiences of American automobile en- 
gineers are given. 

Mr. Lemon advanced two factors con- 
sidered essential for the prolonged suc- 
cess of the drop-center rim in America. 
One factor is that tires shall mount 
and dismount with the same or with 
greater ease than that for flat-base 
rims. The other factor is that tire ser- 
vice and car-operating safety on drop- 
center rims shall be comparable with 
or better than past performance. 

For light cars the public appears to 
have accepted the drop-center rim as a 
step in advance, Mr. Lemon concluded. 
The years of 1931 and 1932 will record 
car-owner reactions to the rim for 
larger cars. As an engineering body, 
honest open-minded analysis of the in- 
dustry’s tire-and-rim problems is cer- 
tain to lead to a continued improvement 
of the automobile. 


Drop-Center-Rim Development 


Mr. Ash said in part that the rim 
industry, having particular reference to 
passenger-cars, has had a diversified 


SPEAKERS, CHAIRMAN AND DISCUSSERS AT THE CHASSIS SESSION 


(Top) B. J. Lemon, of the United States Rubber Co., Who Told of the Tire and Rim 
Riddle; R. K. Lee, of the Chrysler Corp., Who Gave a Paper on Rubber as a Vibration 
Absorber; C. C. Carlton, of the Motor Wheel Corp., Chairman 
(Bottom) A. S. Van Halteren, of the Motor Wheel Corp., F. S. Duesenberg, of Duesen- 
berg, Inc.; Burgess Darrow, of the Goodyear Tire.& Rubber Co., Discussers; A. S. Ash, 
of the Kelsey-Hayes Wheel Corp., Who Gave a Paper on Drop-Center Rim Development 
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experience, which he outlined. After 
the advent of the straight-side tire, 
which was supposed to eliminate rim- 
cuts and provide a more reliable bead- 
construction, it became necessary to 
provide a rim with detachable side- 
flanges or rims that were split and 
which could be collapsed for tire re- 
moval. This type of construction has 
been very popular and practicable for a 
number of years; however, during the 
last few years the trend has been to- 
ward smaller rim-diameters and larger 
cross-section tires. 

At the same time the tire diameter 
has been somewhat decreased to bring 
the car lower to the ground; or, to 
lower the center of gravity, Mr. Ash 
continued. In fact, in some cases the 
rim diameter has been small enough to 
handicap what is known as the present 
construction. In the case of the split 
straight-side rim, it is more difficult to 
collapse and, in the case of what is 
known as the “Q. D.” rim, the side ring 
is somewhat difficult to app'y and re- 
move. These conditions, as well as 
features hereinafter described, have 
brought about the consideration of tke 
drop-center-rim construction. 

Defining the “drop-center rim,” Mr. 
Ash said that the term has been applied 
to a rim having a much different cross- 
section than either of the plain clincher 
cr straight-side rims. The drop-center 
rim is an endless rim, both side flanges 
being integral. The center portion of 
the rim between the two tire-bead seats 
is depressed or rolled smaller in diam- 
eter to provide what is termed a “well.” 
This well is so formed in proportion to 
the side flanges as to facilitate the 
mounting and demounting of tires. 

After enumerating the advantages of 
drop-center rims, Mr. Ash said that, 
from an engineering standpoint, it 
seems that drop-center rims, when 
properly developed, will be a great ad- 
vantage to tke industry. 


Discussers Contribute Comments 


Burgess Darrow remarked that, in 
his opinion, Mr. Lemon’s paper creates 
the impression that there is a riddle in 
connection with tires and rims; but Mr. 
Darrow said that it is not a difficult 
riddle and is simply a straightforward 
development over the last 20 years, dur- 
ing which time only three distinct types 
of rim have been involved. 

The clincher rim came into use very 
early and probably reached its highest 
point of usage and development about 
1910 to 1915; then it decreased in 
favor about 1925 and finally became 
extinct, Mr. Darrow continued. The 
straight-side flat-rim came in about 
1907 and gradually increased in favor 
until, in 1925, it was completely uni- 
versal in this Country. The drop-center 
rim for automobiles laid dormant for 
25 years; but, about 1925, it returned 
to its own and in 1931 it is making a 
strong bid for universal usage. 

In conclusion, Mr. Darrow recom- 
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mended that car engineers should fol- 
low the recommendations of rim and 
tire sizes that are furnished by the 
Tire & Rim Association, and should not 
take liberties in the way of over-sizing 
tires in connection with drop-center 
rims. 

A. S. Van Halteren agreed with Mr. 
Lemon in regard to the trend in rim de- 
sign, but qualified some of Mr. Lemon’s 
statements in regard to the relative 
merits of rim and of wheel types. He 
said in part that in his opinion the 


trend toward the drop-center rim on de- 
mountable wheels for the lighter cars 
has not been because the drop-center 
rim functions better, but rather because 
it is lighter and can be produced for 
less money. In conclusion he remarked 
that the drop-center type of rim eventu- 
ally will solve the rim riddle, and is de- 
sirable because it permits wide-section 
rims most economically for both the 
demountable-at-the-hub and the de- 
mountable-at-the-felloe wheel, according 
to his best judgment. 


Diesel Design and Operation 


Oil-Engine Development and Problems Require Two 
Sessions and Elicit Much Discussion 


feo. sessions were devoted to the 
subject of Diesel Engines, the first 
on Thursday afternoon and the second 
on Friday forenoon. The papers on the 
subject were productive of a large vol- 
ume of prepared and impromptu dis- 
cussion. Two papers were presented at 
each session, and at the second session 
a Nominating Committee to nominate 
the Vice-President for the Diesel-En- 
gine Activity was elected. Under the 
very able Chairmanship of O. D. Trie- 
ber, about 300 attendants listened at- 
tentively to the presentation by E. F. 
Ruehl, of I. P. Morris & DeLaVergne, 
Inc., of a paper on Combustion and 
Design Problems of Light High-Speed 
Diesel Engines and a paper by A. A. 
Lyman, of the Public Service Coordi- 
nated Transport, on the Operation and 
Maintenance of Diesel-Engined Motor- 
coaches. 


Injection and Combustion Relation 


Mr. Ruehl dealt in detail with the 
relative merits of existing types of 
combustion-chamber and injection sys- 
tems used in present commercial four- 
cycle Diesel and gasoline engines and 
endeavored to show that the single- 
turbulence-chamber type offers’ the 
most promising means for obtaining 
high mean effective pressures at low 
fuel consumption. He explained the in- 
terrelation of combustion and injection 
processes in controlled-turbulence com- 
bustion-chambers and gave design de- 
tails by means of lantern slides. He 
showed test results of the practical ap- 
plication of single-chamber principles 
and of a stock injection system to flex- 
ible combustion control in a recently de- 
veloped high-speed four-cycle engine. 
He also discussed the factors that limit 
mean effective pressures and piston 
speeds and some of the mechanical 
problems of design, such as cooling and 
lubrication, 


Good Results with Diesel Coach 


Mr. Lyman, in a very brief paper 
that brought hearty applause from the 


audience, recited the Diesel-engine ex- 
perience of the Newark, N. J., motor- 
coach operating company of which he 
is automotive engineer. The results 
obtained seem to presage a bright fu- 
ture for the oil engine in heavy-duty 
automotive work and a probable early 
development along this line. In the sum- 
mer of 1929 the company imported a 
German Diesel truck engine that devel- 
oped 70 hp. and weighed about 1400 lb. 
and installed it in a standard gasoline- 
electric 30-passenger motorcoach. As 
this was the first vehicle of its kind in 
America, it was driven to the conven- 
tion of the American Electric Railway 
Association at Atlantic City the follow- 
ing October. 

This vehicle was operated throughout 
the following winter and showed re- 
markable fuel economy and indicated 
that the Diesel-engine principal was 
practical for motorcoach powerplants. 
A later development of this engine as a 
motorcoach engine was imported from 
Germany in March, 1930, and substi- 
tuted for the truck engine. It weighed 
200 lb. less and developed 75 hp. at a 
governed speed 1600 r.p.m. The coach 
was operated in regular service, except 
for a 2000-mile round trip to the Sum- 
mer Meeting of the Society at French 
Lick, Ind., until last fall, when it was 
returned to the German factory and ex- 
changed for a later model. The third 
engine has been operating in city ser- 
vice since October, 1930. 

All of these engines are of the solid- 
injection precombustion-chamber type 
and in dynamometer tests showed abil- 
ity to run well on a wide range of fuels 
and with economical consumption at ail 
speeds and loads. Exhaust-gas anal- 
ysis showed almost perfect combustion, 
with a _ negligible carbon-monoxide 
content. Electric heater-plugs are used 
for starting the engine cold, which re- 
quires about 30 to 45 sec., but are not 
used when the engine is warm. With 
the engine warm the coach is controlled 
exactly as with the usual gasoline en- 


gine and electric drive. Mr. Lyman 
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stated that the coach has been operated 
and maintained by three different gar- 
ages and driven by a number of op- 
erators at each garage and that the 
drivers do not notice the difference. 

The road performance of the coach 
has been as good as that of any gaso- 
line vehicle, said Mr. Lyman, no troubie 
having been experienced with the en- 
gine’s idling. Fuel consumption has 
been 60 to 70 per cent of that of gaso- 
line coaches operating under identical 
conditions, and the price of the fuel is 
considerably less than that of gasoline. 
Cooling water and exhaust tempera- 
tures are noticeably lower than with 
gasoline engines, and the engine acces- 
sories have given satisfactory results. 
Such trouble as has been experienced 
with the fuel equipment has been due 
to air in the injection pipes. 

Mr. Lyman said in conclusion that 
more than one year’s operation has 
been very encouraging and demon- 
strates that great progress has been 
made abroad in the development of au- 
tomotive Diesel engines. 


Tells of Successful High-Speed Engines 


Commenting on Mr. Lyman’s paper, 
Chairman Treiber stated that he had 
just returned from Europe and while 
there had driven motorcoaches and 
trucks powered with the same kind of 
engine used in the American motor- 
coach. One thing he noticed was that 
the engine has a high torque at low 
speeds and runs very smoothly. The 
engines emitted no smoke whatever. 
He was informed that about 500 en- 
gines of the same type are running in 
buses and trucks in Europe. He re- 
marked that we are going to have more 
of them in this Country pretty soon. 
For the next Diesel-engine meeting of 
the Society, he suggested that a paper 
be given on the thermodynamics of oil 
engines and another on a theoretical 
discussion of fuel oil. Because of the 
large variety of types, the time is com- 
ing, he said, when we shall have to 
qualify or eliminate the word “Diesel” 
and find some other name for the oil 
engine. 

At least six reputable, experienced 
manufacturers in Europe are producing 
Diesel engines that are susceptible of 
application to trucks and _ coaches, 
asserted Oliver F. Allen, of the Gen- 
eral Electric Co. Certainly more than 
1000 are in regular operation on the 
Continent and in England; there are 
several makes of which from 200 to 
500 are in operation. The general un- 
derstanding of the term “Diesel en- 
gine” abroad is that it means an engine 
of the compression-ignition type, irre- 
spective of where its maximum pres- 
sure occurs or how the fuel is injected. 
If the high-speed fuel-injection engine 
is to take the place of the gasoline 
carbureter engine in automotive work, 
injection pumps must be developed to 
run at higher than 1000 r.p.m. Super- 


charging should be seriously considered, 
he said, for improving the volumetric 
efficiency and assuring adequate scav- 
enging. In conclusion, Mr. Allen showed 
lantern slides of and hastily described 
two European aircraft Diesel engines 
that he said might be added to the 
Packard radial air-cooled engine. These 
are the Beardmore eight-cylinder in- 
line water-cooled and the Junkers six- 
cylinder double-piston two-stroke water- 
cooled aircraft engines. He also showed 
and gave data on an English Acro- 
system six-cylinder four-cycle engine 
just brought out that operates at 3000 
r.p.m., a McLaren-Benz developed in 
England for locgmotive service, a 
Modaag - Krupp two-stroke general- 
purpose engine and a Peugeot-Junkers 
motor-truck engine in regular produc- 
tion in France. 


Believes Turbulence Important 


The importance of the influence of 
turbulence on spray design and injec- 
tion pressure is not sufficiently under- 
stood, according to J. E. Wild, of the 
Robert Bosch Magneto Co. He main- 
tained that, unless sufficient turbulence 
is provided for, the task of effecting 
correct fuel distribution is imposed on 
the injection system and that more 
nozzle orifices of smaller diameter are 
required, together with higher injec- 
tion pressures, which results in clog- 
ging and reduced life of the pump and 
its drive members. He believes that 
pressures for small high-speed single- 
chamber engines should not exceed 
4000 lb. per sq. in. 





Time lag of ignition was discussed 
briefly by Chairman Treiber and Mr. 
Ruehl, the former remarking that it is 
one of the most important factors and 
that some day we shall know much 
more about it. 


Results with Electrically Controlled 
Injection 


An interesting dissertation on the 
fineness of the fuel particles and the 
time element for igniting and burning 
the sprayed fuel was given by W. F. 
Joachim, of the Westinghouse Electric 
& Mfg. Co., who thinks that eventually 
we may find that injection in the high- 
speed engine is almost like an explosion. 
In that case, the spray may have to be 
designed so as to dispense with the 
ultra-rich core. 

Brooks Walker told of results in 
some Diesel-engine development work 
done in his California laboratory. He 
and his brother, Clifford Walker, de- 
veloped a fuel system in which the 
pressure in the line varies as the square 
of the engine speed and gives exact 
metering over a variable speed with a 
line injection-system and constant angle 
of pressure injection. They also devel- 
oped a constant-time injection period, 
both mechanically and electrically con- 
trolled. With electrically controlled in- 
jection valves, he said, they have oper- 
ated a 2%-in. bore engine at a max- 
imum speed of 4500 r.p.m. and have 
tested the nozzles up to a speed corre- 
sponding to 22,000 r.p.m. of a four- 
cycle engine. They have operated a 
full-Diesel engine of 186-lb. compres- 
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PARTICIPANTS IN THE SECOND DIESEL-ENGINE SESSION 
(Top) W. F. Joachim, of the a. 
Vincent, of the Continental Motor Co., Who Delivered a Paper on Compression-Ignition- 


Engine Research; A. J. 


Westinghouse Electric & Mfg. Co., Chairman; E. T. 


Poole, of the Robert Bosch Magneto Co., Who Read a Paper by 


Cc. G. A. Rosen, on the Mobile-Type Diesel Engine 


(Bottom) H. 8. 


sion pressure and are getting 110 hp. 
from a 5 x 7 engine at 1400 r.p.m. with 
electrically controlled injection. 


Supercharged Two-Cycle Injection 
Engine 


A reel of motion pictures of a two- 
cycle V-type air-cooled aircraft engine 
was next shown and explained by S. F. 
Sandell, of the Sandell Motor.Co. This 
is scavenged by a Roots blower and 
supercharged. The-fuel is injected. It 
has four 4% x &4-in. cylinders and 
develops 125 hp-at 1500 r.p.m. and 
175 hp. at 1650 r.p.m. The weight is 
380 Ib., complete ready for flight. The 
injectors spray the fuel into a passage 
leading to a small poppet-valve open- 
ing into the cylinder. The compression 
ratio is 4.7:1. It has’ been run on 
fuels ranging from Aviation ethyl gaso- 
line to fuel oil of 32 deg. Baumé grav- 
ity. The fuel consumption’is from 0.52 
to 0.53 lb. per b.hp-hr-* 


Second Diesel-Engine Session 


q’RIDAY morning’s comtinuation of 
the Diesel-engine program was un- 
der the chairmanship of W. F. Joachim 
and was noteworthy for the character 
of. the two papers presented, which, to 
the relief and satisfaction of many of 
the leading specialists in oil-engine en- 
gineering, frankly recognized the lack 
of knowledge that is impeding the suc- 
cessful development of light high-speed 
engines. 
The presentation by E. T. Vincent, 
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Butler, of the Standard Oil Co. of New Jersey; Wolfgang Von Dorrer, 
of Detroit; Harte Cooke, of the McIntosh & Seymour Corp. ; 
of Detroit, 


and Robertson Matthews 
Discussers ° 


of the Continental Motors Corp., of a 
review of research on compression- 
ignition engines was highly commended 
by virtually all of the discussers. The 
paper by C. G. A. Rosen, of the Cater- 
pillar Tractor Co., covering a survey 
of the status, difficulties and prospects 
of the mobile-type Diesel engine, which 
was read in the absence of the author 
by A. J. Poole, of the Robert Bosch 
Magneto .Co., was also highly com- 
plimented for the author’s frank ad- 
mission of the problems still con- 
fronting the research and designing 
engineer. 

The session opened with a brief busi- 
ness meeting of the’ Diesel-Engine 
Activity for the election of a Nominat- 
ing Committee to choose a nominee for 
Vice-President. The election resulted 
in the election of O. D. Treiber, A. W. 
Pope, Jr.; Harte Cooke and R. J. Broege 
as members of the Committee and Neil 
MacCoull and J. E. Wild as alternates. 

In introducing the speakers, Chair- 
man Joachim stated that Mr. Vincent 
was formerly connected with the Beard- 
more company in England and was a 
co-developer and designer of the Beard- 
more aircraft engine and rail-car en- 
gine. Mr. Vincent reviewed the re- 
search work done in England and in 
this Country in recent years and stated 
that the great present need is a knowl- 
edge of methods to be used in design- 
ing efficient injection systems and com- 
bustion-chamber shapes so as to realize 
the potentially high power-output of 
the oil-engine cycle. He illustrated and 


discussed the several types of oil en- 
gine, classified as direct injection, pre- 
combustion chamber and divided com- 


bustion chamber, telling of their 
principal advantages and disadvan- 
tages. In conclusion he predicted that 


the future compression-ignition engine 
for automotive applications will embody 
the direct-injection system, probably in 
some modified form, and that, as our 
knowledge of injection and combustion 
improves, it will become possible to 
predict performance of the engine with 
greater accuracy than is now possible 
with the gasoline engine. The weight, 
he said, should not be more than 10 
or 15 per cent greater than that of a 
corresponding gasoline engine of the 
same class, and the weight per horse- 
power should tend to become less than 
that of the present gasoline engine. 
The question of detonation will become 
more prominent than it has been, and 
this offers a wide field for the research 
worker. 


Handicapped by Preconceptions 


Mr. Rosen’s paper drew comparisons 
between the mobile-type Diesel engine 
and the automotive gasoline engine, the 
object of the author being to cull those 
factors of oil-engine design that assure 
good operating quality. The greatest 
handicap encountered by the oil engine, 
he asserted, is the erroneous precon- 
ceptions of operating conditions. The 
designer, he holds, must turn to pure 
science for fundamentals and investi- 
gate qualitatively the great accumula- 
tion of research data on the internal- 
combustion engine to determine the 
bearing of combustion theory on oper- 
ating results. Unification of the best 
features and types and a happy com- 
promise of the desirable characteristics 
are needed to increase the manufactur- 
ing and sales possibilities. 


Discussers Give Interesting Information 


Prepared 


discussion on the two 
papers was presented by Robertson 
Matthews, research and development 


engineer of Detroit, who advocated 
more turbulence and also vaporization 
of the fuel, as the time element is a 
vital factor in high-speed work. He 
looks forward to seeing some work 
done on regulation of the time of com- 
pression ignition. He argued the need 
of an especially prepared oil-engine 
fuel and asked how many decades must 
pass before we shall look askance at 
engineers trying to get 3000 r.p.m. out 
of an engine using gas-oil and trying 
to compete with the carbureter engine. 
He also suggested abandonment of the 
name Diesel as a type designation and 
the promotion of an S.A.E. Activity 
to be known as the Advanced-Engine 
Development Activity. Another pro- 
posal was for someone to bring about 
the provision of a sum of $25,000 or 
$50,000 as an incentive for some engi- 


neer to develop a satisfactory combus- 
tion indicator. 
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Slides of a new European engine 
known as the Oberhausti were shown 
by Wolfgang von Dorrer, of Detroit, 
who explained it as having a combus- 
tion-chamber that is a compromise be- 
tween the precombustion-chamber and 
the air chamber of the Acro system, 
with the fuel injected by an atomizer 
into a shell surrounded by warm air. 
The thermal pressures are low and a 
four-cylinder engine works very satis- 
factorily, developing 70 hp. at 1250 to 
1300 r.p.m. The compression ratio is 
14.9:1, the mean effective pressure 
72 lb. per sq. in., the compression pres- 
sure 441 lb. per sq. in. and the terminal 
pressure 682 lb. 

Mr. Treiber remarked that he had 
seen and run tests on two or three of 
the Oberhausti engines in Austria as 
high as 3000 r.p.m. at 80 lb. m.e.p. 
and they ran smoothly, with clean ex- 
haust and a very satisfactory fuel con- 
sumption. He said that he thinks this 
is going to be a coming engine in light- 
weight automotive work, as it is no 
heavier than a conventional European 
gasoline engine. 

An item of human interest was con- 
tributed by Harte Cooke, of the Mc- 
Intosh & Seymour Corp., who, as an 
illustration of the possibilities of over- 
coming obstacles, stated that Hessel- 
man, who has done so much in the 
engine field, had lost both legs in a 
train accident and had to get around 
on artificial legs, yet by persistence 
has done wonderful research work on 
Diesel engines. With all of our facil- 
ities, we should be able to find out many 
of the facts we need to know about oil 
engines, particularly the initiation and 
process of combustion. 

Papers like those of Mr. Vincent and 
Mr. Rosen are most refreshing, 
asserted J. L. Goldthwaite, of the Alli- 
son Engineering Co., because’ the 
authors recognize that the difficulties 
are not solved. ‘‘None of us knows a 
doggone thing,’ he said, “about the 
details of what goes on in a Diesel 
engine or in an injection pump or any 
injection system.” He said that he 
cou'd absolutely prove his statement. 
He referred to “sloppy” views that are 
widely held and lead to false con- 
clusions and a great amount of expen- 
sive work by each investigator to find 
out that they are wrong. We must get 
instrumentation on these things. His 
own company built a stroboscope with 
three %2-watt Neon tubes at a cost of 
$1.50 and in one day uncovered more 
information than six months of theo- 
retical study will show. A stroboscope 
will show amazing facts about the fuel 
spray, he said. Indicator cards taken 
by different men with different instru- 
ments are not comparable, as they can 
vary by 75 per cent. We must have 
accurate indicators and all kinds of 
instruments. “Above all,” he con- 
cluded, “we must divide our informa- 
tion into two classes; one, ‘I know,’ and 


the other, ‘I don’t know.’ Between 
them will be a gap represented by the 
huge number who ‘think I am probably 
wrong.’ ” 

One of the most important problems, 
which is not generally realized, accord- 
ing to W. H. Butler, of the Standard 
Oil Co. of New Jersey, is that of fuels. 
Two classifications of fuel have to be 
used in the high-speed engine, both in 
the distillate range. One ignites and 
burns very rapidly but too little of it 
is available. The other ignites very 


slowly, increasing the ignition lag, and 
results in detonation, after-burning, 
high exhaust temperatures\and smoke. 
The cam contour to give injection over 
a longer period, referred to by Mr. 
Vincent, is highly important, as these 
slow-igniting fuels are the ones the oil 
engines are going to get, unless special 
products that cost more are to be used. 

The session ended with a summing 
up of the discussion and answers to it 
by Mr. Vincent and favorable comments 
on Mr. Rosen’s paper. 


General Development Session 


Zine and Zinc-Alloy Usage Considered—Records of 
Riding-Quality Measurement Analyzed 


T WO SUBJECTS were considered at 
the General Development Session 
held Friday morning, Jan. 23. R. M. 
Curts, of the New Jersey Zinc Co., pre- 
sented a paper on the Use of Zine and 
Zine Alloys in the Automotive Indus- 
try, and his paper was afterward dis- 
cussed. Riding-Qualities was the sec- 
ond subject presented, and two papers 
bearing this title brought the subject 
up to date. The first of these was by 
Dr. Fred A. Moss, of George Washing- 
ton University, and had reference to a 





WABBLE-METER DEVELOPED FOR MEAS- 
URING RIDING FATIGUE, WHICH WAS 
DEMONSTRATED AT THE MEETING 


“‘wabble-meter.” The second riding- 
quality paper was prepared by Ammon 
Swope and G. C. Brandenburg. Chair- 
man E. 8. Marks presided over the 75 
members and guests who were present. 
A business session of the Passenger- 
Car Activity was included in the pro- 
ceedings. 


Zine and Zinc-Alloy Use 


Mr. Curts said in part that the auto- 
motive engineer has two primary and 
essential responsibilities (a) to make 
possible the manufacture of better cars 
without materially increasing the cost 
thereof; and (b) to reproduce with 
greater economies the high standards 
of design and performance existing in 
the present-day product. Improvements 
must be made for the most part with- 
out adversely affecting the cost sheet. 
Paring costs by forcing down the price 
of raw material or accessory parts used 
in assembly to the point where there is 
no legitimate profit to the supplier is 
certainly not a wholesome way to effect 
economies in motor-vehicle manufac- 
ture. Economies must come through the 
substitution of new manufacturing proc- 
esses or by a better understanding of 
such engineering materials us may 
show an economic advantage without 
cheapening the final product. He stated 
that it is the purpose of the paper to 
discuss the metal zine as an engineer- 
ing material. To this end he reviewed 
briefly the part zinc and its alloys have 
played in the past, and discussed recent 
development in zinc-base alloys which 
have greatly enlarged their field of use 
in the automotive industry. 

Among the various specific subjects 
treated by Mr. .Curts were brass, 
nickel and silver, rolled zine and rolled 
zinc-alloys, zinc wire, extruded zinc 
shapes and die-castings. He said that 
in the early days of die-casting, alloys 
composed principally of tin or lead were 
used almost exclusively, but that cast- 
ings made of these alloys did not pos- 
sess the necessary strength and their 
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PRINCIPALS AT THE GENERAL DEVELOPMENT SESSION 


(Top) F. A. Moss, M. D., 


of the George Washington 
Riding-Qualities Research; R. M. Curts, of the New Jersey Zinc Co., 


University, Who Reported on 


Who Gave a Paper 


on Zine and Zine Alloys; Ammon Swope, of Purdue University, Who Gave a Paper on 
Riding-Qualities Research 


(Bottom) C. S. Keggereis, of the Tillotson Mfg. Co., E. S. Marks, of the H. H. 
Mfg. Co., and P. W. DesRoches of the Automobile 


use was greatly restricted. Zinc was 
tried and found to have certain ad- 
vantages and, finally, a special zinc 
alloy was adopted. Shortly after this 
the so-called high-grade zinc was in- 
troduced. 

After the discussion on die-cast zinc- 
alloyed gears, Mr. Curts entered upon 
a discussion of zinc alloys for body 
hardware and other equipment, recent 
improvement in zinc alloys, and data on 
the zinc-aluminum-alloy systems. Heat- 
treatment of zinc-base die-casting 
alloys, water-vapor tests, the disastrous 
effects of contamination, and the phy- 
sical tests that can be applied to die- 
casting alloys were considered in some 
detail. Mr. Curts’ paper also described 
the use of inserts in zinc-alloy die- 
castings, plating methods, cleaning and 
other procedures, the nickel-plating 
process, as well as the subjects of 
enameling, japanning and lacquering. 

In conclusion, Mr. Curts summarized 
his paper by saying that metallic zinc 
is used in the automotive industry for 
electro-galvanizing; as a constituent of 
brass; as rolled sheet and strip for a 
variety of fabricated parts of which 
running-board molding heads the list; 
and in the production of a great num- 
ber of die-cast parts. The marked im- 
provement in both rolled zinc-alloys 
and zine die-casting alloys has done 
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much to stimulate added interest in 
this white, non-ferrous metal, the price 
and properties of which lend themselves 
well to effect economy without jeopard- 
izing quality. 

Not only have improvements been 
made in the physical properties of the 
various zinc-alloys, said Mr. Curts, but 
the application of attractive and du- 
rable plated-finishes can now be ac- 
complished without difficulty. The 
number of parts on the automobile 
which are made of zinc or zinc alloys 
is increasing annually. Additional in- 
vestigations are being undertaken to 
produce still other zinc alloys with 
suitable properties for use in a wider 
range of automotive parts. 


Die-Casting Industry Progress 


C. S. Kegerreis traced in brief de- 
tailed prepared discussion the develop- 
ment and phenomenal growth of the 
die-casting industry in the last several 
years. It seems to him that the whole 
situation can be summarized under 
three classifications; namely, (a) use 
of alloys of specified purity, (b) in dies 
properly gated and vented, and (c) 
with a production-casting control which 
obviates unauthorized use of scrap 
metal. 

Philip W. DesRoches raised several 
questions in connection with the use of 


die-castings for refrigerator-compressor 
work, since temperature changes of 
50 deg. cent. (90 deg. fahr.) are 
obtained almost every time the com- 
pressor starts to operate. These were 
answered by Mr. Curts. 


Riding-Quality Study Outlined 


After saying that automotive engi- 
neers have been designing springs, 
shock-absorbers, different kinds of 
cushions and special kinds of tires to 
produce better riding-qualities and that 
they have succeeded to a degree, Dr. 
Moss said that the methods used had 
been of the cut-and-try type. The effort 
made in the work that he and his 
assistants have been doing was to 
determine how these changes of parts 
in an automobile affect the individual 
who rides in the car, so far as his phy- 
siological condition is concerned, and 
then to ascertain what his reaction is 
concerning the degree of discomfort he 
experiences. Various accelerometers 
have been devised to measure changing 
conditions as to the car itself, but an- 
other instrument was needed to meas- 
ure some of the changes in the indi- 
vidual while riding over long distances. 

Dr. Moss described tests made of in- 
dividuals to ascertain their physio- 
logical condition at the beginning of 
tests that were made, and then de- 
scribed and demonstrated a _ device 
called a “wabble-meter,” which can be 
carried in a car, and will record the 
reactions of the individual before and 
after riding in the vehicle. 

This instrument results from the de- 
velopment of the principle that man is 
unstable inherently, and constantly is 
transferring his weight automatically 
from one foot to the other in an effort 
to maintain his balance. When an in- 
dividual steps upon the platform which 
is held rigid by small cams and these 
cams are then released to allow the 
platform to become unstable, the person 
under test has a tendency to wabble. 
The device has the equivalent of two 
over-riding clutches, one of which meas- 
ures the fore-and-aft motion; the other 
measures lateral motion. If the person 
stands steadily, the over-riding clutch 
neither works fore nor aft; but if the 
person moves up or down or sideways, 
the movement is recorded and can 
afterward be analyzed from the chart 
record. 


Results of Steadiness-Meter Tests 


The studies reported in the paper by 
Ammon Swope and G. C. Brandenburg 
resulted from an effort to find what 
determines the comfortable riding-qual- 
ities of an automobile by means of a 
device called a “steadiness meter.” The 
interpretation of the data is statistical. 
The calculations were made by a 
trained statistical clerk with the aid 
of the necessary machinery and tables 
ordinarily used in that field. 

In the discussion, Prof. H. M. Jack- 
















yy" 
f 


id 


vO 


yy 
rg 
at 
1- 


he 
al. 
id 


es 





ANNUAL MEETING—DETONATION SYMPOSIUM 253 


lin said in part that the first thing 
that a new-born baby does is to gasp 
air into its lungs; the second is to 
reach for and clutch something. Some 
times these two events are concurrent. 
So, in adopting the steadiness meter 
that they have here presented, he said, 
Messrs. Swope and Brandenburg have 
gone back to just about the most in- 
stinctive movement that we have. Cer- 
tainly it is not an acquired habit, as 
is standing. They have carefully 
gathered statistical data as to the in- 
strument’s reliability, with the result 
that they and everyone else should be 
satisfied that the results mean some- 
thing very accurately and definitely. 
But after 160 passenger-trip records of 
results, they are not yet prepared to 
say that they are measuring steadiness 
as related to riding-qualities. Other 
comments relating to correlating the 
results obtained with the steadiness 
meter were made, by W. E. Lay, G. L. 
McCain and Mr. Swope, as regards this 
instrument’s connection with riding- 
quality measurement. 


Passenger-Car Business-Session 


At the regular business session of 
the Passenger-Car Activity that was 
convened just prior to the presentation 
of the papers at the General Develop- 
ment Session held Friday morning, Jan. 
23, Chairman E. S. Marks announced 
the purpose of the business to be the 
election of the Nominating Committee 
for the nominating of a Vice-President 
of the Society in charge of the Activity 
for 1932. 

On motions duly seconded the follow- 
ing men were nominated and elected 
members of the Passenger-Car Activity 
Nominating Committee: 

J. B. Macauley, Jr. 
G. L. McCain 
Maurice Olley 
J. A. Anglada 

Also on motions duly seconded, the 
following men were elected as alter- 
nates: 

Wa'ter C. Keys 
W.S. James 

The business session thereupon ad- 

journed. 


Heavy Detonation Symposium 


Many Phases of Knock Problem Dealt with in Two 
Groups of Papers and Discussion 


66 HIS meeting marks another im- 

portant milestone on the road to 
the solution of the problem of detona- 
tion,” declared R. E. Wilson, of the 
Standard Oil Co. of Indiana, chairman 
of the Detonation Symposium Session. 
“We know how to control most of the 
variables in engine testing—humidity, 
temperature, carbureter settings, and 
methods of measuring the sound which 
a knocking engine makes.” 

Dr. Wilson pointed out that ever 
since Kettering and Midgley, of the 
General Motors Corp., first showed, 
more than a decade ago, that knocking 
was not preignition but a _ separate 
phenomenon dependent largely upon 
the character of the fuel, and that it 
limited the compression and hence the 
efficiency of automobile engines, auto- 
motive and petroleum engineers have 
been working on various phases of this 
problem. 


Three Aspects of the Problem 


There have been three aspects in the 
development and the solution of this 
detonation problem: first, the develop- 
ment of better fuels, which has made 
striking progress, particularly in the 
last few years, both by the addition of 
tetraethyl lead and by the use of im- 
proved cracking methods and the selec- 
tion of special stocks to make antiknock 
fuels of much higher quality than were 
available before. Not only are there 
many fuels of much higher quality than 
any which were available eight years 


ago, but the average antiknock proper- 
ties of the fuels marketed in this Coun- 
try show a marked increase over the 
same period. 

The automotive engineers, on their 
part, have done a great deal to develop 
improved designs of engines to utilize 
these fuels efficiently, because, since 
antiknock fuels necessarily cost more 
than ordinary fuels, to get the value 
out of them the engines must be built 
to utilize them more efficiently. Marked 
progress has been made in that direc- 


tion, the average compression-ratio 
coming up gradually in spite of the 
fact that the simultaneous progress to- 
ward larger engines would tend to de- 
crease the compression ratio. 

The third aspect of the problem of 
detonation is one on which it may seem 
to the outsider that progress has been 
much slower; that is, the development 
of improved, accurate and reproducible 
methods of testing the antiknock qual- 
ity of different fuels. One of the rea- 
sons for the slow progress has been the 
reluctance on the part of many to ac- 
cept, what now seems to be more or less 
inevitable, the fact that the only satis- 
factory method of measuring detona- 
tion is actually to test the fuel in an 
engine of a design similar to that of 
the automobile engine. 


Suitable Test-Engine Developed 


The development of a suitable engine 
was the first task undertaken by the 
Detonation Subcommittee of the Co- 
operative Fuel-Research Steering Com 
mittee in its effort to establish a uni- 
versally acceptable method and equip- 
ment for knock testing. 

The progress in the design of this 
engine was covered in detail by H. L. 
Horning, of the Waukesha Motor Co., 
in his paper entitled The Cooperative 
Fuel-Research Committee Engine, read 
at the meeting by A. W. Pope, Jr. The 
engine with the new variable-compres- 
sion valve-in-head integrally cast cylin- 
der, equipped with a specially designed 
carbureter, was displayed at the meet- 
ing. 

The second step in the solution of the 
detonation problem was solved as a 
result of the preliminary work of the 
Detonation Subcommittee. Upon the 
recommendation of the Steering Com- 
mittee, the Society established as rec- 
ommended practice the rating of fuels 
in terms of octane number, or the per- 
centage of iso-octane in a blend of 
iso-octane and normal heptane required 





TEST ENGINE DEVELOPED FOR COOPERATIVE FUEL-RESEARCH AS IMPROVED WITH 
FOUR-FLOAT-BOWL CARBURETER AND VARIABLE-COMPRESSION HEAD ADJUSTABLE 
BY MEANS OF A CRANK 
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nine formal papers and four contribu- 
tions in the form of prepared discus- 
sion. 


British Engineers Make a Report 


A paper entitled, Knock Rating in 
Motor Fuels, by C. H. Barton, of the 
Asiatic Petroleum Co.; C. H. Sprake, 
of the Anglo-American Oil Co.; R. 
Stansfield, of the Anglo-Persian Oil Co., 
and O. Thornycroft, was presented by 
Mr. Stansfield. A report presented a 
year ago before the Society dealt with 
tests carried out in the research labo- 
ratories of the three companies repre- 
sented in the group with the object of 
determining the agreement that could 
be obtained on three widely different 
designs of test engine when the gaso- 
lines in common use on the British 
market were examined. It was realized 
that this range was comparatively nar- 
row but the results obtained encouraged 
belief that reasonable agreement might 
be reached with a greater range of 
fuels. The results of a second series 
of tests, using the Ricardo 2-liter E- 
35, the Delco and the Armstrong en- 
gines, were reported in the present 
paper. 

Mr. Sprake discussed the points 
raised by the subcommittee of the In- 
stitution of Petroleum Technologists 
concerning proposed conditions for 
knock-testing procedure, and Mr. Bar- 
ton presented a brief summary of the 
comments of Mr. Thornycroft, deputy 
director of research of the British Air 
Ministry, setting forth the necessary 
engine and equipment requirements for 
conducting satisfactory knock-rating 
tests on aircraft fuels. S. D. Heron, of 
the Air Corps at Wright Field, com- 
mented briefly on this summary. 


Humidity and Air-Temperature Effect 


Confusion may possibly be avoided 
by restating the title of the paper as 
the Differential Effect of Humidity and 
Air Temperature on the Detonation of 
the Primary Standards and Several 
Materials Suitable for Secondary 
Standards, N. R. White pointed out in 
presenting the paper prepared by D. 
B. Brooks, G. C. Rodgers and himself, 
all of the Bureau of Standards. In 
the course of the work reported upon 
in this paper, four scales composed of 
such materials were investigated and 
curves showing the effect of humidity 
and air temperature on the knock rat- 
ings were exhibited, with the general 
conclusion that the effects of atmos- 
pheric conditions on materials being 
considered for use as secondary stand- 
ards cannot be neglected. 

Changes in jacket temperature defi- 
nitely affect the relative antiknock 
value of fuels; when comparing benzene 
and tetraethyl-lead blends with a fixed 
spark-advance the results obtained at 
different compression-ratios will differ; 
adjusting the spark advance for maxi- 
mum power minimizes compression- 
ratio variations; and, although all re- 


sults may be functions of the cylinder- 
head temperature alone, the data are 
not sufficiently complete to be conclu- 
sive, were the conclusions reached by 
Dr. Graham Edgar, of the Ethyl Gaso- 
line Corp., as a result of the investiga- 
tion reported in his paper entitled, 
Effect of Jacket Temperature and 
Cylinder-Head Temperature upon Rela- 
tive Knock-Ratings. 


Rating Affected by Lubricating Oil 


Stating that variation in knock-test- 
ing results with a relatively high oil- 
consumption is partly due to the oil 
itself, a series of tests conducted at the 
laboratory of the Standard Oil Devel- 
opment Co. was described by H. R. 


is consistent with good lubrication were 
made. 

Discussion on this topic was sub- 
mitted by Prof. Daniel Roesch, of the 
Armour Institute of Technology, who 
showed slides representing a series of 
tests made upon a four-cylinder auto- 
mobile engine showing apparent octane 
numbers under changes of air-inlet and 
jacket-water temperatures. 

D. P. Barnard, 4th, of the Standard 
Oil Co. of Indiana, also presented pre- 
pared discussion on this subject under 
the title, Some Observations in the Det- 
onation Testing of Aviation Fuel at 
High Temperatures, which he presented 
in an effort to clear up any misunder- 
standing as to the application of the 





SECOND GROUP OF DETONATION AUTHORS AND DISCUSSERS 

(Top) J. M. Campbell and W. G. Lovell, 
Laboratories, Co-Authors with T. A. Boyd (Lower Center) of 
Carbureter Setting and Spark Timing 


of the General Motors Corp. Research 
a Paper on Influence of 


(Bottom) J. B. Hill and H. T. Huf (Upper Right), of the Atlantic Refining Co., Co- 
Authors of a Paper on Knock Sound Intensity; Neil MacCoull, of the Texas Co., Who 


Gave Papers on Time Lag 


Stacey, of that company, in his paper 
on The Effect of Oil Consumption and 
Temperature on Octane-Number Rat- 
ings. Conclusions drawn by the author 
were that the error due to different 
rates of oil consumption and variation 
of oil temperature may be as great as 
one octane number and is not affected 
by the kind of oil used. Recommenda- 
tions that the oil consumption be kept 
at the minimum for safety and good 
operation and that the oil temperature 
be kept constant at as low a value as 


and Knock-Test Methods 


work of the Detonation Subcommittee, 
which has been confined to motor gaso- 
lines and to detonation-testing condi- 
tions. applicable to motor fuels. Mr. 
Stansfield contributed some notes from 
his experiences along the same line. 


Second Group of Detonation Papers 


The second group of papers given at 
the Detonation Symposium included 
The Influence of Carbureter Setting 
and Spark Timing on Knock Ratings, 
by John M. Campbell, Wheeler G. Lovell 
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and T. A. Boyd, all of the General 
Motors Corp. Research Laboratories. 
Mr. Campbell pointed out that it is gen- 
erally agreed that the antiknock quality 
of a motor fuel is best determined by 
comparison with a standard or refer- 
ence fuel and described an investigation 
showing that this comparison may be 
affected by either the carbureter adjust- 
ment or the spark timing or by both. 
Therefore, in establishing a standard 
method of comparing one fuel with an- 
other, some definite specification cov- 
ering each of these two engine-varia- 
bles must be drawn up. This specifi- 
cation should correspond reasonably 
well with conventional conditions of 
engine operation and at the same time 
with convenient laboratory technique. 
From the results of this study these 
conditions would appear to be fulfilled 
best by using the carbureter setting for 
maximum knock and the spark timing 
for maximum power. 

Measuring knock-sound intensity by 
means of a microphone and vacuum- 
tube amplifying set was described in a 
paper on the Effect of Sound Inten- 
sity on Knock Ratings, by Harry F. 
Huf, J. R. Sabina and J. Bennett Hill, 
of the Atlantic Refining Co. Widely 
varying fuels were compared with mix- 
tures of n-heptane and iso-octane at 
knock intensities ranging from an in- 
cipient knock to one severe enough to 
cause preignition. The conclusion was 
drawn that, for tests on the L-head 
Cooperative - Fuel- Research knock -test- 
ing engine, the intensity of knock at 
which tests are made does not affect the 
knock ratings if a fuel-matching 
method is used. 


Knock-Measuring Methods and Time 
Lag 


The formal program was concluded 
with the presentation of two papers 
by Neil MacCoull, of The Texas Co. 
The first was on the subject of Bounc- 
ing Pin versus Throttle Audibility, and 
the second, on the subject of Time 
Lag. As a result of the first investi- 
gation, Mr. MacCoull concluded that, 
with a few exceptions, there is little 
difference in matching fuels by either 
the bouncing-pin or the throttle-audi- 
bility method. Regarding time lag, th: 
tests indicated that it is advisable to 
provide means to dry out the mixture 
between the carbureter and cylinder- 
block on engines used for antiknock 
measurement, but the author added 
that several other points in this con- 
nection require further investigation 
before a satisfactory answer to the 
problem can be set down. 

Reprints of these papers are avail- 
able at a nominal price upon request 
to the Society. 

“TI will give thee 2000 horses if thou 
on thy part will put riders upon them,” 
was the text aptly quoted by Chairman 
Wilson as descriptive of the fuel prob- 
lems confronting the automotive in- 
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dustry. The creator of gasoline has 
said to us, “I will give you many thou- 
sand horses if, on your part, you will 
learn how to control them and manage 
them.” Dr. Wilson likened these horses 
to the Army mules that will work well 
under a fair load but, if run on an effi- 
ciency basis with a real load put upon 
them, indulge in that form of kicking, 
biting and dumping the load which 
we will call detonation. The problem 
which the Detonation Subcommittee has 


undertaken is 
proved 
horses. 

Special tribute was paid by the oil 
men to the part that the Society has 
taken during the last 10 years in for- 
warding the solution of this tremen- 
dous problem. Virtually every forward 
step has been taken by a member of 
the Society or by our affiliates in En- 
gland and has been recorded in the 
S.A.E. JOURNAL. 


that of providing im- 
harnessing for these unruly 


Fuels and Lubricants Discussed 


Large and Attentive Audience Hears Papers on Oil-Cool- 
ing, Hydrogenation and Lubricants Classification 


HAT DO WE know about oils? 

was the theme of the Fuels and 
Lubricants Session in the afternoon of 
the second day, and before the ses- 
sion had run its course so much infor- 
mation had been dispensed and dis- 
cussed that the answer to the theme- 
question could have been stated as, “‘Not 
everything, but much more than we 
did three hours ago.” _ 

H. C. Mougey, of the General Motors 
Corp., after expressing regret that L. 
P. Saunders, of the Harrison Radiator 
Corp., had been prevented by illness 
from preparing or presenting his paper 
on Oil-Coolers and Oil-Cooling, spoke 
of the Society’s good fortune in obtain- 
ing a paper on the same subject from 
W. R. Ramsaur, experimental engineer 
of the corporation, whom he introduced 
as the first speaker of the afternoon. 


Importance of Oil-Cooling Stressed 


Calling attention to the fact that the 
lubricating system of the internal-com- 
bustion engine has undergone few fun- 
damental changes, Mr. Ramsaur pointed 
out that other parts of the engine have 
made considerable advancement, result- 
ing in many cases in high oil-tempera- 
tures and consequently imposing addi- 
tional duties on the lubrication system. 
Mentioning increased horsepower, in- 
creased compression-pressure and in- 
creased engine-speed as the changes 
which directly affect oil temperatures, 
the speaker discussed the following 
troubles caused by high oil-tempera- 
tures: (a) excessive oil consumption, 
(b) smoking at exhaust, (c) fouling 
of the spark-plugs, (d) formation of 
carbon in the combustion-chamber due 
to excess oil, (e) engine wear and (/) 
failure of bearings. The last-named 
he considered the most serious of the 
troubles encountered. 

On the other hand, Mr. Ramsaur 
went into the matter of low-tempera- 
ture operation, stating that without 
some method of oil-temperature con- 
trol, from a viscosity standpoint alone, 
the use of a heavy oil to take care of 
high temperatures would produce high 


cranking-torque and inadequate lubri 
cation under winter starting-conditions ; 
whereas the use of a light oil to facili- 
tate cranking and lubrication at low 
temperatures would produce the ex- 
tremely undesirable condition of insuffi- 
cient viscosity at high temperatures. 
According to the speaker, a safe course 
can be steered between the Scylla of 
dangerously high temperatures with 
loss of viscosity and the Charybdis of 
equally dangerous low temperatures 
with inadequate lubrication, by the use 
of a light oil with its viscosity and tem- 
perature controlled. 

A satisfactory oil temperature-con- 
trol unit, according to Mr. Ramsaur, 
should warm the oil when cold, cool 
the oil when hot, restrict the oil flow 
as little as possible, be as free as pos- 
sible from plugging, be accessible and 
easily cleaned, and be capable of with- 
standing a continuous pressure of at 
least 100 lb. per sq. in. Comparing oil- 
coolers that use air as the cooling me- 
dium and those that use water, the 
author stated that, under the same con- 
ditions of temperature, the water-type 
cooler has a considerable advantage 
over the air type, because of the low 
specific weight and low specific heat of 
the air as compared with water. 

Mr. Ramsaur presented slides show 
ing data obtained from the use of air- 
type and water-type coolers of varying 
sizes, and drew the conclusion that, 
when tests take account of the avail- 
able air temperature and velocity and 
the available water temperature and 
velocity, the water-type cooler with 
water at 180 deg. fahr. is comparable 
with the air-type cooler with air at 100 
deg. fahr. 


Both Cooling and Warming Desirable 


Alex Taub expressed the belief that 
present-day engines make the use of 
oil-coolers absolutely essential, and 
Chairman Mougey added that the great- 
est benefit to be derived from a satis- 
factory temperature-controlling device 
is not the one usually emphasized, 
namely, the cooling of the oil under 
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summer conditions, but the aid afforded 
by it for starting in cold weather. 

Asked to amplify this idea from a 
Canadian’s viewpoint, Gordon MclIn- 
tyre, of the Imperial Oil Refineries, 
said that the use of a device to regu- 
late oil temperature, with special ref- 
erence to oil warming, is an ideal thing; 
but, speaking for the oil men, he added 
that they should not let the use of 
such devices divert their attention from 
their own problem of producing an oil 
for winter use with flat viscosity-curve 
and a low cold-test. 

R. N. Janeway, consulting engineer, 
of Detroit, felt that, though the advan- 
tages of oil-coolers with respect to 
warming oil in winter are recognized, 
the car manufacturers will be particu- 
larly interested in the cooling effect 
under heavy duty. He said that in- 
formation regarding lubrication is con- 
fined to a range which is outside the 
range of present-day engine conditions 
and expressed the opinion that engi- 
neers need to obtain fundamental data 
on lubrication under the conditions that 
obtain in engines at the present time. 


No Pressure-Velocity Relationship to 
Heat 


R. E. Wilson, of the Standard Oil 
Co. of Indiana, replying to a statement 
to the effect that someone ought to de- 
rive a relationship between the PV of 
bearings and the amount of heat gen- 
erated and dissipated, asserted that no 
such relationship will be discovered be- 
cause it does not exist. He said that 
the speed of the bearing is important 
in determining the temperature, which 
is approximately determined by the 
product of the speed and the viscosity, 
being almost independent of the load on 
the bearing. However, the tendency 
of the bearing film to rupture is a func- 
tion of the pressure on the bearing and 
can best be counteracted by high speed 
and high viscosity, the very two things 
that tend to cause overheating. Ac- 
cordingly, said Dr. Wilson, as long as 
engineers lump pressure and velocity 
together because they are two things 
that cause different kinds of bearing 
failure, and try to measure thus the 
general severity of bearing conditions, 
just so long will they be unable to 
intelligently design bearings to meet 
different conditions of service. 

Dr. H. C. Dickinson, of the Bureau 
of Standards, reinforced Dr. Wilson’s 
statements, adding that much more in- 
formation is available on the subject 
than has yet been used by the design- 
ing engineers, not only on the safe 
load-carrying capacity of the bearings 
and on the heat to be dissipated, but 
also on the ability of oil to dissipate 
heat. Stating that, after a problem 
has become more and more complicated, 
it is interesting to trace it from its 
comparatively simple beginnings, Dr. 
Dickinson looked squarely at the matter 
of lubrication and the question of heat 
dissipation from the bearings, declar- 


ing that they are really two separate 
problems and that the whole matter 
has been complicated by the attempt 
to do the two things at the same time. 
He advocated study of the matter, with 
the idea of caring for the two problems 
separately. 

C. T. Doman, of the H. H. Franklin 
Mfg. Co., told about results obtained 
on Army tank engines with an oil- 
cooler such as Mr. Ramsaur had de- 
scribed. 


Haslam Talks on Hydrogenation 


In introducing the next speaker, 
Chairman Mougey said that hydrogena- 
tion is a subject about which the audi- 
ence had read and heard a great deal 
but which had been more or less mys- 
terious. He then presented Dr. R. T. 
Haslam, of the Standard Oil Develop- 
ment Co., who read the paver, pre- 
pared by himself and W. C. Bauer, of 
the same company, on Production of 
Gasoline and Lubricants by Hydrogena- 
tion. 

In presenting his paper, which is 
scheduled for publication in an early 
issue of THE JOURNAL, Dr. Haslam 
briefly described the hydrogenation 
process and its three characteristic re- 
actions—purification, stabilization and 
homogenizing—that remain unaltered 
in direction although they change in 
extent. and proceeded to discuss the 
possibilities of applying the process to 
the production of motor-fuel and lu- 
bricating oil. He stressed the possi- 
bilities offered by the process of re- 
forming the molecular structure of 
petroleum hydrocarbons along directed 
lines to obtain products of the so-called 
paraffinic or naphthenic types. 

His presentation included data on 
the actual properties and performance 
characteristics of hydrogenated gaso- 
lines and lubricating oils as tested in 
two series of laboratory tests on a 
White and on a Mack motor-truck en- 
gine. the latter under abnormally 
severe conditions. 

From these tests the authors reached 
the conclusions that hydrogenated lu- 
bricating-oils made from common crudes 
are superior to the best natural lubri- 
cants now available, that high-grade 
naphthenic gasoline and blending stocks 
can be produced from relatively low- 
grade gas-oils, and that the hydro- 
genation process, when widely adopted 
by the petroleum industry, apparently 
will enable the automotive engineer to 
design engines that are capable of op- 
eration at greater compressions, higher 
speeds and higher temperatures with 
a resultant marked gain in efficiency. 


Discussers Propound Questions 


Dr. Wilson asked whether any com- 
parisons were made between the oils 
mentioned in the paper and ordinary 
hydrocarbon oils as to their oiliness. 
Dr. Haslam replied that he and his co- 
workers had done very little work on 
oiliness, feeling that there were very 


few cases where it comes into play. 
Most of the bearing failures, he said, 
come from the break-down of the oil, 
not from lack of oiliness. 

Replying to Chairman Mougey’s 
question whether there is any particu- 
lar type of crude that would be prefer- 
able for use in making hydrogenated 
oils, Dr. Haslam replied that it is a 
question of economics. If one starts 
with a base stock that is extremely defi- 
cient in hydrogen, he said, it is nec- 
essary to add proportionately more hy- 
drogen; therefore it is economical to 
start as near as possible to the desired 
goal, although satisfactory results can 
be achieved with a large variety of 
stock. 

A. A. Lane, of Gulf Production and 
Pipe Line Co. Research Laboratories, 
voiced his opinion that the tests of 
Dr. Haslam and Mr. Bauer, as shown 
in the paper, would not warrant the 
statement that the hydrogenated lubri- 
cant is thereby proved superior to any 
other’ lubricant now on the market. 
Dr. Haslam agreed that so sweeping a 
generalization could be safely made 
only after every product had been 
tested. The best that can be done, 
he said, is to pick out four or five 
products which are believed to be rep- 
resentative of the best in the market 
and test the hydrogenated product 
against them, after which all that can 
be said is that, that product is better 
than the others tested. 

At this point, T. A. Boyd, of the 
General Motors Corp., explained the 
meaning of the term, “octane number,” 
calling attention to the desirability of 
making generally known this means of 
rating fuels with respect to antiknock 
quality. 

W. H. Graves, of the Packard Motor 
Car Co., asked whether it would be 
possible, by carrying the hydrogenation 
process further, to get a flatter vis- 
cosity-curve than was indicated in the 
paper, and Dr. Haslam replied that he 
had obtained somewhat flatter curves. 

Chairman Mougey inquired if the 
products discussed by Dr. Haslam are 
still in the experimental stage or are 
near commercial production, and Dr. 
Haslam stated that they are near com- 
mercial production and probably will 


be on the market in the spring or sum- 
mer. 


Need for Classification Explained 


In passing to the next topic, Chair- 
man Mougey stated that automotive 
engineers have for many years been un- 
able to recommend transmission and 
rear-axle lubricants to the public. 
Many instruction books have contained 
warnings against the lubricants ordi- 
narily known as fluid greases, those 
containing a small amount of soap. 
The reason for this warning, he ex- 
plained, is not because of any lack of 
merit on the part of such lubricants, 
but is simply because the automotive 
engineers had not known how to classi- 
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fy these lubricants and discuss them; 
therefore they felt it best to exclude 
them all. To remedy such a condition, 
he continued, the Lubricants Division 
of the Society’s Standards Committee 
attacked the problem of getting a sys- 
tem of classification whereby the fluid 
greases as well as the oils could be 
recommended by the automobile engi- 
neers. Stating that work done at the 
Sinclair Refining Co.’s laboratories has 
been of great assistance in this connec- 
tion, Chairman Mougey then introduced 
C. M. Larson, of that company, who 
presented his paper entitled, Classify- 
ing Transmission and Rear-Axle Lu- 
bricants. 

In his paper, which is scheduled for 
publication in an early issue of THE 
JOURNAL, Mr. Larson discussed the fact 
that transmission and rear-axle lubri- 
cants frequently have small quantities 
of soap or other material added to de- 
crease the tendency of the lubricant to 
leak from the housings. Although 
these additions may increase the ap- 
parent viscosity of the oil, they may 
have little or no: effect on the load- 
carrying properties at high tempera- 
tures or the tendency of the lubricant 
to channel or to make gearshifting 
harder at low temperatures than with 
the straight oil. 

On account of the many different con- 
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ditions under which transmission and 
rear-axle lubricants are used and be- 
cause of the many different methods 
of manufacture, no one detailed speci- 
fication is applicable as an indication 
of the performance characteristics of 
a lubricant, according to Mr. Larson. 
Therefore, he states, consumers must 
necessarily depend upon the individual 
oil companies to produce a quality lu- 
bricant, using for their guidance a vis- 
cosity, consistency and film-strength 
classification to be determined upon 
and subsequently published in the car 
manufacturers’ instruction books. 


Pressure Viscosity as a Test Means 


Replying to a question propounded by 
W. H. Graves, of the Packard Motor 
Car Co., Chairman Mougey explained 
that pressure viscosity presents a sat- 
isfactory means for determining the 
viscosity of both oils and fluid greases, 
provided that the latter do not contain 
too much soap. If, however, a large 
amount of soap is present in the fluid 
grease, there would not be enough 
pressure to give true viscosity-values. 
In such cases, he pointed out, it is 
necessary to use the viscosity of the 
separated mineral oil in classifying 
lubricants, rather than the pressure 
viscosity of the lubricants. 


Robert E. Wilkin, of the Standard 
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Oil Co. of Indiana, told about some of 
the initial work on pressure viscosity, 
which had been referred to by Mr. 
Larson in his preliminary remarks. In 
this connection Mr. Wilkin discussed 
some tests that were run on a variety 
of oils and semi-fluid greases in which 
the viscosity of the oils varied consid 
erably and the temperature of the shift 
was not necessarily the same in all 
eases. Three different types of trans- 
mission were employed, one being the 
synchro-mesh, one the _ internal-gear 
type used in the four-speed transmis- 
sion and the third the conventional 
three-speed transmission. The results 
of this work showed that, if the shift- 
ing effort were plotted against the vis 
cosity of the oil at the temperaure of 
the shift, a straight line would be plot 
ted in each case. In other words, re- 
gardless of the viscosity of the oil, if 
the temperatures were such that the 
viscosity at all tests was the same, 
the shifting effort would be the same. 
The presence of soap, or the fact that 
the lubricant was below its cold-test, 
did not affect the effort required for 
gearshifting. 

J. R. MacGregor, of the Standard Oil 
Co. of California, spoke approvingly of 
the timeliness of a paper on this topic, 
on account of recent developments in 
transmissions and rear axles. He also 
spoke of the matter of caring for part- 
ly worn-out equipment, and in this con 
nection discussed the applicability of 
the viscidometer described in Mr. Lar 
son’s paper. 


Effect of Rubbing Speed 


A very interesting point brought out 
in the discussion was with regard to 
the effect of rubbing speed. Chairman 
Mougey stated that the tests were made 
more severe by running them at 25 
r.p.m. rather than 100 r.p.m.; in othe: 
words, lubricants that will pass at 100 
r.p.m. will in some cases fail badly at 
the lower speed. He offered as a pos 
sible explanation that a higher tem 
perature is developed at the highe1 
speed and that this causes a chemical 
action between the lubricant and the 
pin that is not produced at lower tem- 
peratures. Adding a few words to 
this matter of slow speeds, Mr. Larson 
stated that, in these tests, more com- 
plete seizure and rupture of the pins 
resulted from the use of a 5-hp. motor 
than from the use of a 25-hp. motor. 

Each of the three papers presented 
at this session evoked a certain amount 
of controversy that was carried on in 
lively but amicable fashion, and the 
opinion was expressed by the Chair- 
man in his concluding remarks that the 
engineers who made up the audience 
had learned much during the session 
that they had not been able to absorb 
in so short a time, and that a more lei- 
surely study of the preprints, in the 
light of the remarks made at the ses- 
sion, would prove to be a profitable 
pursuit. 
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Safety Aspects of 


Car Construction 


Commissioner Stoeckel Wins Approval by His Presenta- 
tion of Motor-V ehicle Administrator’s Problems 


F ALL STATE motor-vehicle com- 

missioners were as open-minded and 
willing to cooperate as Robbins B. 
Stoeckel, the Commissioner of Motor- 
Vehicles of Connecticut, showed himself 
to be by the paper he presented at the 
final session of the meeting on Friday 
afternoon, the manufacturers of mo- 
tor-vehicles would find it easy to ar- 
rive at reasonable adjustments of their 
differences in views, and the users 
would find life on the highways threat- 
ened with fewer annoyances. Such, at 
least, seemed to be the sentiment of 
those who listened and those who dis- 
cussed the paper. 

Dr. Miller McClintock, of the Albert 
Russell Erskine Bureau for Street 
Traffic Research, presided and in his 
opening remarks said that the accident 
situation has come to be one of our ma- 
jor social and economic problems. Un- 
til remedies are found, he believes it is 
impossible to develop the automobile to 
its fullest efficiency, economy and util- 
ity. Those who know the conditions, 
however, believe that specific reme- 
dies are to be found primarily in bet- 
ter highways, better vehicles and better 
drivers. The better vehicles, he said, 
are a subject of direct importance to 
the automotive engineers and the indus- 
try and of concern to the men respon- 
sible for administering the motor-ve- 
hicle laws. 


Laws Becoming More General 


Commissioner Stoeckel pointed out 
that the function of the motor-vehicle 
commissioners is to safeguard all users 
of the highways. This duty has been 
wished upon them because of the con- 
ditions of traffic congestion and the de- 
velopment of motor-vehicles that have 
arisen. Regarding laws, he said that 
the trend is for them to become more 
simple, more inclusive and go general 
in language and application. that rea- 
sonable compliance with them can be 
insisted upon. They tend to fix the 
responsibility upon the individual and 
toward measuring his performance by 
reason. 

The authorities in Conneéticut real- 
ize that the laws have been too par- 
ticularly drawn to fit all cases and can- 
not be adapted. As an example, he 
cited the law in many States specify- 
ing two independent brake systems that 
are not connected with each other, say- 
ing that, through engineering develop- 
ment, many cars do not now conform 
with this clause of the laws. It would 
be much better, he said, if the laws 
merely required that vehicles be pro- 
vided with brakes that are adequate 
for safety. So far as Connecticut is 


concerned, it may be expected that a law 
will be offered that will be broad in lan- 
guage and application and that the ve- 
hicle manufacturers will be relied upon 
to make good brakes. A standard of 
maintenance will have to be reached, 
however, to which the brakes will have 
to measure up in usage. 


Some Hazard Factors Being Studied 


The State is just beginning a re- 
search into the causes of fire in motor- 


which the wiring is armored and those 
in which it is not. Placing of the fuel 
tank is a factor that is going to be in- 
vestigated in connection with its rela- 
tion to fire. 

Another question that is coming up is 
that of safety glass. Most adminis- 
trators know that personal inquiry in 
a great proportion of accidents results 
from broken glass, and public senti- 
ment is growing so fast that already 
there is a tendency for legislators tw 
insist that all cars should be provided 
with safety glass. This has not yet 
made itself manifest in legislation but 
it is in the future. 

No State administrator can yet say 
much about free-wheeling, said Com- 
missioner Stoeckel; he looks upon it 
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Corp.; and R. E. Carlson, of the 
vehicles and hopes to know something 
about them in three or four years. Car 
manufacturers might study the subject 
and, so far as possible, make provision 
to reduce the fire hazard. Insurance 
statistics indicate that fires do not 
arise from agy proximate cause upon 
which a finger can be put, but usually 
from a contributory cause, such as col- 
lision, with spark ignition of the gaso- 
line. Some differentiation, suggested 
Mr. Stoeckel, might perhaps be made, 
in compiling statistics, between cars in 
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much as he does on any new develop- 
ment that will force him to reeducate 
his public. The Connecticut Commis- 
sioner’s office feels obliged to tell op- 
erators in the State how free-wheeling 
will affect their operation, the advan- 
tages it gives and how the adminis- 
trator expects the drivers to perform. 
About 85 out of 100 persons probably 
will use free-wheeling correctly, which 
is about the proportion that use any 
device correctly. It is against the other 
15 per cent that the authorities have to 
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fight for safety, who must be watched, 
educated and disciplined. 

Laws regarding lighting were re- 
ferred to as another example of over- 
doing legislation. Commissioner 
Stoeckel thinks we should be better off 
if the lamp manufacturers were let 
alone and merely told in general terms 
how the authorities want the lamps to 
perform. In this the lamp and car 
manufacturers undoubtedly agree with 
him. Conditions vary so much in dif- 
ferent parts of the Country that re- 
quirements which may suit one State 
do not fit another State. Connecticut 
highways are rolling and winding, while 
in the North Central and Middle West 
States they are straight and level. An 
investigation just made in Connecticut 
as to the use of two-filament lamps has 
shown that glare is more of an annoy- 
ance than a hazard, because drivers 
slow down and are more cautious when 
danger is obvious and bad lighting is 
to that extent a safeguard against 
night accidents. Statistics reveal com- 
paratively few accidents that can be 
traced to glaring lights. 

The restrictive law on candlepower 
is to be corrected in Connecticut, where 
a bill is already in the legislature to 
make 32-cp. lamps legal. Commissioner 
Stoeckel suggested that lamp manufac- 
turers might consider the probable 
length of life of a car and build their 
lamps to have a corresponding life, and 
also make them easy to focus and to 
keep in focus. 


Old Cars Not Specially Dangerous 


With reference to old cars on the 
highways, the speaker took issue with a 
recent statement attributed to Presi- 
dent Henry, of the American Automo- 
bile Association, that 8,000,000 old cars 
should be removed from the highways 
because they are unsafe. His experi- 
ence has been that old cars are not nec- 
essarily unsafe; on the contrary, the 
cars that have been found most imper- 
fect are those that the owners regard 
as still new and on which they neglect 
to adjust the brakes and otherwise keep 
in good order. The State is trying 
hard, however, to get unsafe old cars 
off the roads and has a junkyard law 
that contains an unintentional joker 
that prohibits a junkyard man from 
selling a used car without reporting its 
condition to the Commissioner of Mo- 
tor Vehicles. 

Noise is a subject that is receiving 
more attention in the East, and the 
Connecticut legislature is being be- 
sought to remedy the noise of vehicles. 
Any such legislation is most likely to 
be directed at the horn. 

To sum up the whole subject, Mr. 
Stoeckel remarked that the safety fac- 
tors mentioned should be continuously 
in the foreground of every manufactur- 
er’s program and that, as the result of 
an educational campaign by the States 
that is now beginning, every man who 
buys a car that is unsafe in any qual- 
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ity whatsoever will do so with a know!- 
edge of its unsafe features. 


Discussers Compliment the Speaker 


Members who offered discussion on 
the topic congratulated the Society on 
having the Commissioner as a speaker 
at the meeting and complimented him 
upon his fair and broad-minded presen- 
tation of his problems. David Bee- 
croft referred to the detailed statistics 
of accidents contained in the Commis- 
sioner’s annual reports and suggested 
that the automotive engineers have not 
made sufficient study of them. One 
figure that he said always remained in 
his mind is that 44 per cent of the ac- 
cidents occur at intersections, and he 
wondered what were the reasons for 
them. 

Chairman McClintock remarked that 
the Commissioner had offered to send 
his last annual digest to all who would 
leave their names with him after the 
meeting. 

J. H. Hunt, of the General Motors 
Corp., congratulated the Meetings Com- 
mittee for arranging to have such a 
fair presentation made and having en- 
gineers told of their responsibility. The 
manufacturers could promptly correct 
unsafe construction of their vehicles, 
he said, if the State motor-vehicle com- 
missioners could organize their offices 
so that they could quickly give the 
makers information as to how new de- 
vices work out in operation. Because 
of the competitive situation, he thinks, 
however, that freedom in talking over 
proposed new developments with the 
commissioners may not be feasible. 

The present solution of the lighting 
problem, stated R. E. Carlson, of the 
Westinghouse Lamp Co., is the dual- 
beam lamp, which, if properly used, 
gives adequate lighting for safe driv- 
ing at high speed and gives the driver 
a means for minimizing glare. The 
aiming of the upper beam might prof- 
itably be raised if drivers could be re- 
lied upon to use it with common sense 
and use the lower beam when occasion 
calls for it. He inquired if Commis- 
sioner Stoeckel favors compulsory in- 
spection of headlamps prior to regis- 
tration of the car. 

To this question the Commissioner re- 
plied that he has a thorough belief in 
the future courtesy of the driver, in 
connection with everything about driv- 
ing his car, but that if the upper beam 
were raised there might be a tendency 
to unsafe speed in territory such as that 
in Connecticut and Massachusetts. 
Probably in another year a course of 
inspection of cars awaiting registration 
will be initiated. He criticized the tests 
made by the automobileeclubs, saying 
that in his opinion it is bad practice 
to conduct them on the basis of perfec- 
tion, which makes it look as if a large 
percentage of cars in a State were in 
bad condition. He thinks the test should 
be only for safety in road service. 





Slow Vehicles a Menace 


A. K. Brumbaugh, of the White Mo- 
tor Co., sought to obtain an expression 
of opinion as to whether public interest 
will be served by the operation of 
trucks and motorcoaches having still 
more powerful engines than at present. 
To this Mr. Stoeckel responded that the 
speed problem is becoming one of aver- 
age speed and that he is expecting that 
in Connecticut the time is coming when 
the State can have one-way traffic on 
roads between the large cities, and 
then the trucks and coaches will be ex- 
pected to keep up with the procession. 
It is to the advantage of the public to 
have more speed, whether by means of 
larger engines or in any way it can be 
obtained; the slow-speed driver, he 
said, is more of a problem than the fast 
driver. He has taken many licenses 
away from slow drivers on the ground 
that they are inconsiderate of other 
users of the highway, and made them 
beg for their return. 

However, the authorities do enforce 
the State law regarding gross weight, 
which is limited to 28,000 lb., especially 
in the spring, and if larger engines are 
installed they will reduce the payload. 
Loads are also restricted to the maker’s 
capacity rating of the truck, on the the- 
ory that the vehicle is built for the safe 
control of that load. The unit length 
is held to 40 ft., and the State has a 
minimum-speed limit of 12 m.p.h. to 
prevent putting a body on a tractor 
and driving on the road at 8 m.p.h. 
Some interstate motorcoaches “go thun- 
dering through the State, the owners 
taking advantage of the fact that the 
State has no jurisdiction over them ex- 
cept under police regulations. But it 
is hoped that Congress will give the 
States and the Interstate Commerce 
Commission control over them.” 


Committee Meetings on Air- 
craft Lighting Specifications 


(THE Subdivision Committee on Air- 
plane Lighting that was appointed 
by the Aircraft Division of the Stand- 
ards Committee met on Thursday 
afternoon to review its work and de- 
termine its future course. Over a year 
ago experimental equipment had been 
furnished to several commercial air- 
craft companies and the U. S. Army 
Air Corps for the purpose of determin- 
ing by experimental flights and land- 
ings what each considered to be desir- 
able landing illumination with various 
types of light distribution and under 
various landing conditions. 

A review of this program indicated 
that practically no results of value had 
been obtained and that the very nature 
of the problem itself makes it impos- 
sible at the present stage in the devel- 
opment of aircraft lighting to secure 
definite and uniform data. It was felt 
that improvements will be made in the 
natural course of experience in flying 
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that may eventually make it possible 
for the Committee to prepare definite 
specifications, and accordingly the Com- 
mittee decided to discontinue its work 
in this direction until some future time. 

It was felt, however, that the Com- 
mittee should not be discharged, and 
accordingly it was decided to request 
the Aircraft Division of the Standards 
Committee that it be continued as an 
advisory committee to aircraft and air- 
craft-equipment manufacturers, the 
several branches of Government air 
service, and to aircraft operators for 
the consideration of such problems as 
may come up from time to time. In 
continuing its activities in this way the 
Committee does not expect to recom- 
mend specifications for adoption by the 
Society except where it may prove 
feasible and desirable to do so in the 
opinion of those with whom the Com- 
mittee may consult as well as the mem- 
bers of the Committee itself. 

One problem in particular was dis- 
cussed, on which it was felt that the 
Committee could be helpful to the air- 


craft industry along the lines indi- 
cated. This subject was suitable and 
safe wiring and wiring systems, in- 
cluding conduit, junction boxes, fittings 
and terminals on airplanes. The So- 
ciety will prepare a questionnaire on 
the basis of data and questions that 
will be submitted by Lieut. D. L. Brun- 
ner, of the U. S. Army Air Corps, who 
is a member of the Committee, and 
send it to those concerned with the in- 
stallation of airplane electrical equip- 
ment other than for ignition. When 
sufficient replies have been received 
they will be referred to the Committee, 
which it was felt may then be able to 
make definite recommendations that 
will be of great value to the aircraft 
industry and possibly establish a def- 
inite and satisfactory guide for the 
manufacturers of this class of equip- 
ment. 

This Committee in continuing its 
activities will be known as the Aircraft 
Electrical Equipment Subdivision of 
the Aircraft Division of the Standards 
Committee. 


1931 ‘Transportation Committee 


Chairman F. K. Glynn Succeeds Chairman F. C. Horner 
of the 1930 Committee 


EPORTS of the Subcommittees of 

the 1930 Transportation and 
Maintenance Activity Committee were 
presented at the joint Meeting of this 
Committee with the 1931 Committee. 
The purpose of this Meeting was to 
review in a general way the work of 
the 1930 Committee and to discuss the 
program for the 1931 Committee. 
Chairman F. C. Horner of the 1930 
Committee presided first and, during 
this time, the various 1930 Subcom- 
mittee reports were presented. 

For the Meetings Subcommittee it 
was stated that no report was neces- 
sary, because all present were familiar 
with the situation and nothing as yet 
had been done with reference to the 
1951 Summer Meeting. For the Mem- 
bership Subcommittee it was stated 
that the acquisition of new members 
without putting forth any canvassing 
campaign kave been gratifying, but 
that inasmuch as the prospect list is 
not yet exhausted no public campaign 
should be instituted. 

For the Motorcoach Code Subcom- 
mittee, in view of the fact that the 
legislatures of 44 States are in session 
during 1931, it was felt best to let the 
subject stand as it is at present, at 
least until it can be determined what 
limitations will be imposed by all the 
States. It was agreed that further re- 
commendations, if made at this time, 
might be entirely out of line. Mean- 
while, it was mentioned that the Na- 


tional Automobile Chamber of Com- 


merce is watching the situation closely. 

With regard to the Subcommittees on 
the subjects of a Uniform Method of 
Cost Comparison and a suitable Chassis 
Record Form, it was felt that sufficient 
work had been done so that, following 
an analysis of the replies to outlines 
of this work which have been sent out 
for criticism, these subjects are suffi- 
ciently developed to present them to 
the Standards Committee for consider- 
ation. It is hoped that at a later date 
these findings may be completed, ap- 
proved, and published in the S.A.E. 
Handbook. 

Chairman Horner remarked that the 
work of the Subcommittee on Motor- 
Truck Standardization probably would 
need to be continued as a Subcommittee 
Activity for the coming year, because 
work by its members is still being car- 
ried on. It was stated that the work 
is on the verge of accomplishment, but 
that further work needs to be done. 
The suggestion was made that a Sub- 
committee recently authorized by the 
National Automobile Chamber of Com- 
merce might be included to cooperate 
with the Society’s Subcommittee, and 
that this joint Committee, if formed, 
would be a step toward actual accelera- 
tion of the work. 

A. S. McArthur, Chairman of the 
Subcommitte in Operation, presented 
a progress report in which it was 
statec that 15 subjects of those trans- 
mitted to it by the 1929 Subcommittee 
were desirable for study, and these sub- 
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jects were enumerated. For the Sub- 
committee on Maintenance, Chairman 
J. F. Winchester remarked that a 
Meeting was held early in the Spring 
of 1930, but that it had been practically 
impossible to get a suitable personnel 
to prosecute the work and that relative- 
ly no progress had been made. 


After appropriate remarks by Chair- 
man Horner of the 1930 Committee as 
to the work of the last year, he re- 
linquished the Chairmanhip to F. K. 
Glynn, the incoming Chairman for the 
1931 Committee. Chairman Glynn re- 
marked that the accomplishments of 
the Committee for the year 1930 af- 
forded an example which will be very 
difficult for the 1931 Committee to 
surpass. He then stated that the Com- 
mittee for 1931 consists of about 32 
members and that A. S. McArthur of 
the Toronto Transportation Commis- 
sion is Vice-Chairman of the Commit- 
tee. 

After making this announcement, 
Chairman Glynn said that Adrian 
Hughes, Jr., is to continue as Chairman 
of the Eastern and Central portion of 
the Country on the Meetings Commit- 
tee, and that associated with him are 
Messrs. Lyman, Coleman and Preble. 
He specified as their first duty the 
securing of details for the Summer 
Meeting session on Transportation the 
second duty being the laying out of a 
program for the National Transporta- 
tion Meeting. : 

After numerous possible locations for 
this Meeting had been mentioned and 
commented upon, it was moved that 
the Meetings Committee arrange for 
holding the Meeting in Washington, 
D. C., as it was the consensus of opin- 
ion that both the Baltimore Section and 
the Washington Section would co- 
operate most heartily toward making 
this meeting a complete success. 

With regard to the possibility of 
hclding a National Transportation 
Meeting on the Pacific Coast it was 
announced that a Subcommittee to con- 
sider this matter had been appointed, 
with E. C. Wood of San Francisco as 
Chairman. It was felt that this par- 
ticular project would need to be carried 
along and discussed with the Pacific 
Coast members to make certain that 
the time is ripe to initiate such a 
Meeting. 

E. C. Wood discussed the possibility 
of holding a Pacific Coast Transporta- 
tion Meeting and said that both the 
Southern and Northern California Sec- 
tion believe the time is suitable for a 
National Transportation Meeting. He 
believes, however, that the Portland 
and the Northwest Sections will need 
more time before conditions are favor- 
able in that regard as concerning their 
respective territories. 

Regarding the Membership Commit- 
tee personnel, it was stated that H. V. 
Middleworth is Chairman of the Sub- 
committee. The National Membership 
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Committee’s idea is that membership 
increase will not follow a normal path 
until economic conditions are on the 
up-grade. Further, that then some 
active membership-campaign work will 
be in order. 


Cost Finding and Chassis Records 


Chairman Glynn said that the sub- 
ject of a Uniform Cost-Comparison 
record-form development will continue 
along the lines already mentioned and 
that the Subcommittee will stand until 
all of the requirements are met as 
heretofore specified, so that the form 
may be simplified, referred to the 
Standards Committee and later in- 
cluded in the S.A.E. HANpsBook if a 
decision is reached to that effect. The 
1931 Subcommittee has for its Chair- 
man J. F. Winchester, and as members 
T. L. Preble, A. J. Scaife and H. V. 
Middleworth. 

With regard to the proposed Chassis 
Record Form, Chairman Glynn said 
that apparently it was the opinion that 
the Subcommittee should meet again 
with a view toward simplification of 
the form and carry through the neces- 
sary routine to have this form included 
in the S.A.E. HANDBOOK. 

With reference to Motor-Truck Stand- 
ardization, Chairman Glynn stated that 
the original Subcommittee of the Trans- 
portation Activity is to be continued. 
J. F. Winchester is Chairman, T. uw. 
Preble and Mr. Glynn being the mem- 
bers. “This work no doubt will carry 
through the entire year,” he said, “‘and 
it is my hope that real progress may be 
made so that when we meet later in 
the year we can announce that the ob- 
jective is either accomplished or in 
sight.” 

The Motorcoach Code Subcommittee 
is continued as constituted in 1930, as 
stated by Chairman Glynn. 


Two New Subcommittees Formed 


Chairman Glynn said that two new 
Subcommittees are proposed for the 
Transportation and Maintenance Activ- 
ity. He suggested that study be made 
of the equipment and operation of fleet 
repair-shops as compared with the 
equipment and operation of manufac- 
turers’ and commercial repair - shops, 
in order to obtain the best data for each 


system and use it for the benefit of 
everyone. 
For example, Chairman Glynn re- 


marked, it is entirely practicable and 
similarly worth while to obtain an 
actual comparison for the maintenance 
equipment as handled in a fleet shop 
and as handled in the manufaeturers’ or 
in the commercial repair-shops, such as 
the extent to which parts replacements 
are carried on the shelves of the store- 
room, the extent to which unit assem- 
blies are carried and the like. He gave 
a concrete example considering 1000 ve- 
hicles operating in a given city. He 
said further that J. M. Orr, of Pitts- 
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burgh, had been selected as Chairman 
of this Committee. 

The second new Committee was dis- 
cussed pro and con with regard to its 
title. Chairman Glynn read a letter 
from T. L. Preble favoring an effort to 
make executives appreciate more fully 
the importance of the men in their com- 
panies, who are directly responsible for 
the operation and maintenance of the 
vehicles. 

The Subcommittee as suggested con- 
sisted of Mr. Preble as Chairman, and 
Messrs. Horner, Newton, Palmer, Lee 
and Lowe as members. As a matter of 
comment, R, E. Plimpton said that he 
believes that this project will be well 
worth while. After various other sug- 
gestions had been made, it was stated 
by Chairman Glynn that the intention 
is to gain recognition which rightly 
belongs to motor-vehicle operators, that 
is, the man responsible for the opera- 
tion of a motor-vehicle fleet as influ- 
enced by the preceding discussion. 
Chairman Glynn agreed that the title of 
the work to be done by this Subcom- 
mittee is best stated as “Problems Con- 
fronting the Transportation Engineer.” 

It was stated that the National Elec- 
tric Light Association has already re- 


Truek 


Chairman 


cently formed a Motor Transport Com- 
mittee. In view of this action, Messrs. 
Horner and Glynn sent a telegram to 
E. W. Jahn, who is the Chairman of 
this aforesaid Committee, as follows: 


Mr. E. W. Jahn, Chairman, Motor Trans- 
portation Committee of the National 


Electric Light Association, Baltimore, 
Md. 
Heartiest congratulations on formation 
your Motor’ Transportation Committee. 


Hasten to extend to you our earnest desire 
to cooperate with you and all members of 
your Committee in promoting the science of 
motor transportation and its application to 
problems affecting your industry. Would be 
pleased to meet with you at an early date 
to discuss details of how our respective 
committees may best cooperate. Wishing 
your every success, 


(Signed) Horner and Glynn. 


Chairmen 1930 and 1931 S.A.E. Trans- 
portation and Maintenance Committees. 


In conclusion Chairman Glynn sug- 
gested White Sulphur Springs, W. Va., 
as the place for the next Meeting of 
the Transportation and Maintenance 
Activity Committee. A Transportation 
Session is scheduled for the Semi-An- 
nual Meeting of the Society, which is 
to be held there, June 15 to 19, 1931. 


and Motorcoach Committee 


L. R. Buckendale Succeeds Chairman A. J. 


Scaife of the 1930 Committee 


TINHE joint meeting of the 1930 and 
the 1931 Motor-Truck and Motor- 


coach Activity Committees was held 
Tuesday morning, Jan. 20. Reports of 
the Subcommittees of the 1930 Com- 


mittee, closing the year’s work, were 
received. For the Meetings Committee 
a brief report was rendered which re- 
viewed the Transportation sessions at 
the National meetings of the Society 
and the National Transportation meet- 
ing held during the year. It was re- 
ported for the Motorcoach-Code Com- 
mittee that a joint meeting had been 
held with the Subcommittee of the 
Transportation and Maintenance Activ- 
ity Committee during the early part 
of 1930, at which a number of recom- 
mendations were formulated and sub- 
mitted to the Motor Vehicle Conference 
Committee for consideration in the fu- 


ture editions of the Uniform Motor- 
coach Code distributed by the Motor 
Vehicle Conference Committee. There 


was considerable discussion of the Con- 
ference Committee’s activities in con- 
nection with eventually bringing about 
uniformity in the regulations govern- 
ing motorcoach over-all dimensions in 
all the States. It was not felt that 
any further immediate action can be 
taken by this Subcommittee until the 
Motor Vehicle Conference Committee 


considers further revisions of the pre- 
sent Code, which does not seem prob- 
able at this time because too many 
of the State legislatures will be in ses- 
sion during this year. 

In reporting on the activities of the 
Motor-Truck Standardization Commit- 
tee it was stated that, at the time 
of the National meeting of the Ameri- 
can Petroleum Institute at Chicago in 
November, 1930, the standardization 
of motor-trucks from back of the cab 
to the center line of the rear axle, and 
to some extent frame width, had been 
considered carefully. Decisive action 
by the National Automobile Chamber 
of Commerce was postponed, pending 


further joint consideration of these 
subjects with the Society. 
A brief report was also given of 


the joint meeting of the Committees ot 
the Motorcoach and Motor-Truck Activ 
ity Committee, the Transportation and 
Maintenance Activity Committee, the 
Motoreoach and Motor-Truck Division 
of the S.A.E. Standards Committee and 
the N. A. C. C. Truck Standards Com- 
mittee in New York early in January, 
1931, at which it was decided to request 
a subdivision of the Motorcoach and 
Motor-Truck Division of the S.A.E. 
Standards Committee to give further 
study in cooperation with the motor- 
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truck manufacturers and _ various 
classes of motor-vehicle operators, to 
the standardization of a definite series 
of back-of-cab-to-rear-axle dimensions 
based on data covering current models 
of the motor-truck manufacturers. 

With appropriate remarks Chairman 
A. J. Scaife turned the meeting over 
to L. R. Buckendale, the Chairman of 
the 1981 Motorcoach and Motor-Truck 
Activity Committee, who announced B. 
B. Bachman as the Vice-Chairman of 
the Committee and Chairman of the 
Meetings Committee; C. F. Magoffin, 
Chairman of the Membership Commit- 
tee; A. J. Scaife, Chairman of the 
Motorcoach-Code Committee and C. A. 
Pierce, Chairman of the Motor-Truck 
Standardization Committee for 1931. 

Mr. Buckendale then stated that he 
felt that the Committee could serve 
most effectively in an advisory capacity 
and to determine policies in connection 
with the furtherance of the motorcoach 
and motor-truck activities of the So- 
ciety during 1931, and that it was with 
this thought in mind that the Commit- 
tee had been constituted as it is. He 
also indicated that he would like the 
Chairmen and members of the several 
Committees to determine very largely 
their own programs for the year. 

In connection with the meetings pro- 
gram of the Activity it was decided 
tc report to the National Meetings 
Committee that the Activity Committee 
will plan for one motorcoach and motor- 
truck session at the Summer Meeting 
of the Society at White Sulphur 
Springs, W. Va., in June, 1931, and 
te arrange with the Transportation and 
Maintenance Activity for at least one 
motorcoach and motor-truck session at 
the National Transportation Meeting 
next fall, or possibly to have two ses- 
sions in one day of that meeting if it 
is planned as a three or four day Trans- 
portation meeting. 


General Plan Outlined 


In outlining the general program for 
the Subcommittees during the year, Mr. 
Buckendale indicated that he felt this 
should include mainly consideration of 
important topics for papers, the nature 
of which might relate to engineering 
problems; commercial problems affect- 
ing the manufacturers; or to the ques- 
tions of operation that affect the de- 
sign and performance of the vehicles. 
In discussing the program, it was in- 
dicated that the nature of such prob- 
iems has changed with the development 


frcm relatively smaller and _ slower- 
speed vehicles to larger and more 
powerful ones, and that consequent 


problems, such as State restrictions and 
regulations on their operation, has 
affected their design. One of the main 
objectives of the Committee should be 
to establish a fully cooperative relation- 
ship between the manufacturers and 
the operators to work out their mutual 
problems more effectively. 

Another suggestion was to secure 


greater standardization of trailer 
hitches—especially the fifth-wheel and 
semi - automatic trailer - connections— 
reference being made to the discussion 
and action taken on this subject at the 
National Transportation Meeting held 
in Pittsburgh, Oct. 22 to 24, 1930. 


New Topics Considered 


Among the new topics discussed was 
the need for establishing a uniform 
method of rating the capacity of motor- 
trucks and a review of many of the 
disadvantages and troubles resulting 
from the lack of such a standardized 
rating. There was also considerable 
discussion of the possibility of agreeing 
upon a standard method of guarantee 
on new motor-trucks to replace the 90- 
day guarantee, which, under present 
conditions, is working many hardships 
on the manufacturer. It was felt that 
this would be a difficult matter, but that 
it might be possible for the Committee 
to arrange for a paper dealing with 
the subject in a broad and effective 
manner. 

It was finally arranged with M. L. 
Pulcher that he will prepare a paper 
dealing with motor-truck ratings and 
guarantees for presentation at the 
motorcoach and motor-truck session of 
the Summer Meeting of the Society in 
June, and that each member of the 
Activity Committee will send to the 
Society his suggestions in connection 
with further study of this subject for 
Mr. Pulcher’s use in preparing his 
paper. 

It was also understood that the 
members of the Committee will be can- 
vassed for their suggestions as to topics 
for papers to be presented at the 
motorcoach and motor-truck session of 
the National Transportation Meeting 
next fall. Those present felt that the 
next meeting of the entire Activity 
Committee should be scheduled at the 
time of the Summer Meeting of the 
Society at White Sulphur Springs, 
W. Va. 

There being no further business, the 
meeting adjourned. 


Meetings Committee Outlines 
Plans 


MEETING of the Meetings Com- 

mittee was held on Friday morn- 
ing, Jan. 23, at the Book-Cadillac Hotel, 
Detroit. Breakfast was served at 
8:30, and members of both the outgo- 
ing and incoming Committees were 
present to take part in the lively dis- 
cussion of various meetings matters 
that ensued. 

Plans for the year were outlined in a 
general way. A major part of the de- 
liberations was concerned with the pro- 
gram for the Summer Meeting, which 
is to be staged at White Sulphur 
Springs, W. Va., June 15 to 19. The 
Professional Activities of the Society 
presented requests to the Meetings 
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CHART OF SCALE OF RAYS 
Exhibited at Body Session by H. L. Towle, Who Said the Rays Are All the Same Except for Length (See p. 129) 
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Committee to be allowed to sponsor 
one or more sessions each on the Sum- 
mer Meeting program, and these re- 
quests, after being considered in con- 
nection with the amount of time avail- 
able at the Summer Meeting, were ten- 
tatively approved. The practice of 
holding sessions each morning and each 
evening, leaving each afternoon free 
for sports activities, was mentioned as 
having worked well at Summer Meet- 
ings in the past, and it was the sense 
of the Committee that the same prac- 
tice should be followed at this year’s 
Summer Meeting. 


Summer Meeting Committee-Meetings 
Problem 


The perennial question of committee 
meetings was brought up, and the de- 
sirability of scheduling them so as not 
to conflict with technical sessions or 
other Summer Meeting activities was 
emphasized. Various plans were sug- 
gested, including the following: hold- 
ing all committee meetings at the Sum- 
mer Meeting at the end of the week 
preceding the meeting, or at the week- 
end following the meeting; setting 
aside some day during the week of the 
meeting, excluding technical sessions 
from that day and devoting it entirely 
to committee meetings; the exclusion 
of all committee meetings from the 
Summer Meeting period and holding a 
“eommittee convention” at some other 
time in the year; holding committee 
meetings at breakfast, starting very 
early and finishing in time for the 


committee members to attend what- 
ever technical session or sessions are 
scheduled for the morning period; and 
limiting the number of committee 
meetings that may be held during the 
Summer Meeting, allowing Administra- 
tive Committees to meet but insisting 
that Technical and Professional Activ- 
ities Committees hold their meetings 
at other times. 

After much discussion, in which the 
advantages and disadvantages of each 
suggestion were considered, the sug- 
gestion was offered that the Chairman 
appoint a small subcommitee, consist- 
ing of himself and two other Meetings 
Committee members, to work with the 
home office in an endeavor to formulate 
a plan for the satisfactory scheduling 
of committee meetings, this plan to be 
submitted by mail to the members of 
the Meetings Committee. In accordance 
with this suggestion, it was moved and 
seconded that a subcommittee be ap- 
pointed for the purpose mentioned; and, 
upon the motion being unanimously 
carried, Chairman Shidle appointed B. 
B. Bachman as chairman of the sub- 
committee, with F. C. Horner as the 
other member. 

Those who attended the meeting, in 
addition to Chairman Norman G. 
Shidle, were the following committee 
members: V. G. Apple, B. B. Bachman, 
C. S. Bruce, A. K. Brumbaugh, C. B. 
Harper, F. C. Horner, W. S. James, P. 
J. Kent, W. C. Keys, C. H. Kindl, Ar- 
thur Nutt, A. J. Poole and J. P. Stew- 
art; and, from the staff, R. S. Burnett, 
U. Delchamps and C. B. Veal. 


Research Committee Meetings 


Reports on Riding-Comfort, Fuels, Lubrication and 
Detonation Considered and More Work Planned 


IVELY discussion on a wide variety 

of topics marked the meetings of 
the Research Committee and its sub- 
committees. Riding-comfort, Diesel 
fuel research, vapor lock, lubrication, 
and detonation were among the chief 
subjects upon which reports were con- 
sidered and definite plans for further 
work laid out. 

A tangible result of the riding- 
comfort project, which the Research 
Committee has been sponsoring under 
the direction of Dr. F. A. Moss at the 
George Washington University, was 
demonstrated at the Annual Meeting in 
the form of a new and improved wab- 
blemeter. This instrument, conceived 
by Dr. Moss, developed through the 
combined efforts of the members of the 
Riding-Comfort Research Subcommit- 
tee and designed and built by R. W. 
Brown in the laboratories of the Fire- 
stone Tire & Rubber Co., has surpassed 
all expectations in providing an accu- 
rate, dependable and valuable indica- 
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tion of fatigue. It measures the most 
fundamental and primitive accomplish- 
ment of mankind—the ability to main- 
tain balance standing upright—and has 
brought to light not only a definite 
correlation between bodily steadiness 
and fatigue, but has shown many other 
interesting correlations which are dis- 
cussed fully in Dr. Moss’s paper re- 
ported elsewhere in this issue. 

A wide industrial application of the 
wabblemeter has been predicted and 
orders for ten of the instruments have 
already been placed with Dr. Moss. 
The Committee has expressed willing- 
ness to arrange for the construction of 
additional instruments for those inter- 
ested in obtaining them in order to 
widen the scope of this cooperative 
effort to solve the comfort enigma. 

Another phase of the riding-comfort 
project, going forward at Purdue Uni- 
versity, has resulted in the development 
of a steadiness meter described by Dr. 
Ammon Swope in his report at the 


General Development Session which is 
covered in detail elsewhere in this 
issue; while a third portion of the 
project, still in the preliminary stages, 
is expected to provide adequate data 
on the motions of automobiles. to 
round out the correlation between car 
motions, bodily effects and subjective 
reactions as expressed by the _ pas- 
sengers. 


Subcommittee on Shock-Absorbers 


While not a part of the riding- 
comfort project, closely related to it is 
the testing of shock-absorbers. As a 
result of a discussion concerning cur- 
rent practice in this field, the Commit- 
tee authorized the organization of a 
subcommittee, with Tore Franzen 
as Chairman, on methods of testing 
shock absorbers. This committee has 
been charged with the task of. develop- 
ing, experimentally if necessary, a uni- 
form method or methods of test. 

Fuels occupied a considerable portion 
of the Research Committee reports and 
discussion. 


To Invite A.S.M.E. Cooperation 


A research program on the funda- 
mental characteristics of Diesel fuels 
had previously been approved by the 
Research Committee at its meeting at 
French Lick Springs last May but has 
been held in abeyance awaiting the 
procurement of adequate financial sup- 
port. 

Discussion of the problem in a joint 
meeting of the Fuels Research Sub- 
committee and the Diesel Engine 
Activity Committee brought to light a 
parallel and partly overlapping interest 
in this work on the part of the 
A.S.M.E. Diesel-Fuels Research Com- 
mittee, whereupon the Research Com- 
mittee, on the recommendation of the 
Fuels Subcommittee, agreed to extend 
to the A.S.M.E. group an invitation to 
cooperate with the S.A.E. in carrying 
out this Diesel-fuel research program. 

It was also generally agreed by those 
present at the Research Committee 
meeting that it would be valuable to 
extend to Diesel fuels the vapor-lock 
research work being conducted at the 
Bureau of Standards under the guid- 
ance of the Cooperative Fuel-Research 
Steering Committee. 


Will Undertake Research on Sulphur 


On the question of gum and sulphur 
content of gasoline, the Committee 
favored consideration of the problem of 
gum by the Cooperative Fuel-Research 
Steering Committtee and took definite 
action designating research on sulphur 
as a project which should be handled 
by the Steering Committee. 


Aid Sought on Lubricants Study 


As a result of general discussion on 
a proposed program of lubricants and 
lubrication research, the Chairman was 
authorized to appoint a subcommittee 
to confer with persons who are outside 
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the membership of the Research Com- 
mittee but who are undoubtedly vitally 
interested in this undertaking and to 
contact with the American Petroleum 
Institute representatives on the Co- 
operative Fuel-Research Steering Com- 
mittee with a view toward securing 
their technical and financial aid in 
carrying out this program. 


Knock-Test Engine Approved 


The Detonation Subcommittee of the 
Cooperative Fuel-Research Steering 
Committee occupied a premier position 
in the Annual Meeting program, not 
only as sponsor for the most spectacu- 
lar and best attended session but as 
host to Messrs. R. Stansfield, C. H. 
Sarton and C. H. Sprake, co-authors 
of a contribution to the Detonation 
Symposium and representatives of the 
British cooperating committee of the 
Institute of Petroleum Technologists. 

The exhibition of the Cooperative 
Fuel- Research Steering Committee 
knock-testing engine with new valve-in- 
head, integrally cast cylinder and 
equipped with a _ specially designed 
four-float-bowl carbureter, topped the 
list of noteworthy happenings in the 
province of detonation. 

The Detonation Subcommittee, at its 
meeting on Monday morning, gave a 
unanimous expression of complete sat- 
isfaction and approval of the efforts of 
the Waukesha Motor Co. on this engine 
to date and reiterated its intention and 
expectation of developing through that 
company a knock-testing unit to be 
recommended as standard knock-test- 
ing equipment. The Committee further 
pledged the companies represented in 
its membership to purchase such stan- 
dard knock-testing units from the 
Waukesha Motor Co. only, for a period 
of two years after final approval of 
the unit. This last clause was agreed 
upon as a fair guarantee to Mr. Horn- 
ing and the Waukesha company in view 
of the large financial investment of that 
company in the undertaking up to the 
present time. 

The Committee also authorized the 
contruction of a limited number of 
hand-made carbureters of the present 
design to be supplied to the members 
of the Committee for further trials, 
with the idea of making the carbureter 
available to all purchasers of the 
Horning engine at the earliest possible 
time. 


Test-Procedure Method Approved 


Following a lengthy consideration by 
both the Detonation Subcommittee and 
the British cooperating group of the 
best practice at the present time in 
knock-testing procedure, the Detonation 
Subcommittee took definite action to the 
effect that, pending the adoption of a 
standard method of procedure for the 
measurement of the antiknock proper- 
ties of motor fuels, the deliberations of 
this Subcommittee, including the meth- 
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od proposed by A. L. Beall as modified 
by the Committee’s proceedings, be 
indicated as a guide to the members 
of the Subcommittee in the prosecution 
of its immediate program and be sug- 
gested to purchasers of the Horning 
engine as a method of procedure. 


As a sequel of this action, a special 
committee was appointed to formulate 
and consolidate this material into a 
workable method of knock testing, thus 
making available a_ tentative  pro- 
cedure in advance of.a recommenda- 
tion for standardization of method. 


Standards Committee Session 


Practically All Reports Approved as Submitted Except 
for Minor Corrections in a Few Instances 


FIY.HE REGULAR meeting of the 
Standards Committee was held on 
Monday morning, Jan. 19. The Com- 
mittee members and guests present 
numbered about 50. Arthur Boor 
presided as Chairman of the Standards 
Committee. In all, 32 reports were 
submitted by 12 Divisions of the 
Standards Committee, a number of 
which included new Standards for ap- 
proval and adoption by the Society. 

In addition to the reports of Divi- 
sions that were printed in Section 3 of 
the January, 1931, issue of the S.A.E. 
JOURNAL, a report was presented by 
the Electrical Equipment Division on 
non-metallic conduit for inclusion in 
the 1931 edition of the S.A.E. HANpD- 
BOOK, if approved; but, as a result of 
discussion, this report was withdrawn 
for further consideration by this Divi- 
sion. 

The Lubricants Division also sub- 
mitted a supplementary report on 
transmission and _ rear-axle-lubricant 
viscosity-numbers that is the culmina- 
tion of the revision of the present 
S.A.E. Standard for transmission lu- 
bricants. This revision was begun in 
June, 1928, as it was then the belief of 
the Division that the present specifi- 
cation, adopted in February, 1924, does 


not meet the purpose of such a specifi- 
cation as it is restricted to oils only, 
to the exclusion of lubrieants contain- 
ing small quantities of soap (fluid 
greases) and excludes commercial oils 
with viscosities between 120 to 150 and 
those above 170 Saybolt sec. at 210 deg. 
fahr. 

A tentative revised specification was 
formulated by the Division in May, 
1930, the circularization of which 
among oil companies and automotive 
manufacturers resulted in a _ revised 
report that was considered and ap- 
proved by the Division at a meeting 
held in New York City on Jan. 10, 1931. 
The new specification will be published 
in an early issue of the S.A.E. JOURNAL 
and will supersede the present S.A.E. 
Standard on transmission lubricants as 
printed in the 1930 S.A.E. HANDBOOK. 

In the report of the Tire and Rim 
Division, supplementary tables that 
had been developed and approved by 
the Tire and Rim Association, Inc., as 
agreed upon at the meeting of the 
Division, Dec. 16, 1930, were also sub- 
mitted. They show the standard rims 
on which standard tire-sizes are car- 
ried as original equipment on pas- 
senger-cars, motor-trucks and motor- 
couches. 
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A few modifications in the nature 
of corrections in a number of the re- 
ports printed in the January, 1931, 
issue of the S.A.E. JoURNAL were made 
¢* the Standards Committee meeting, 
including the Aircraft Division Report 
on Extruded Aluminum-Alloy Shapes. 

The report of the Ball and Roller 
Bearings Division on ball bearings, 
lock nuts and washers, was modified 
largely in view of ‘the difference of 
opinion as to whether the threads on 
the shaft should be 11 or 12 pitch for 
lock nuts above the No. 14 size. At 
this meeting the Committee decided to 
approve the report up to and including 
the No. 14 size as S.A.E. Standard, 
and the larger sizes as S.A.E. Recom- 
mended Practice, because of the differ- 
ence of opifiion as to the thread pitch 
that should be’ specified. 

At the meeting of the Council follow- 
ing the Standards Committee meeting, 
this report was also discussed at 
length; primarily from the viewpoint 
of what policy should govern in the 
consideration and approval of this re- 
port. The Council finally decided that 
the report down to and including No. 
14 lock nut should be approved as 
S.A.E. Recommended Practice and that 
the No. 15 and larger sizes be omitted 
from publication in the S.A.E. HANp- 
BOOK, inasmuch as the great majority 
of automotive applications are repre- 
sented in the smaller sizes. It was felt, 
however, that the sizes beyond the No. 
14 size might properly be considered 
by the Sectional Committee on Stand- 
ardization of Ball Bearings that is 
sponsored by the Society and the Amer- 
ican Society of Mechanical Engineers 
under the procedure of the American 
Standards Association for future in- 
clusion in the American Standard for 
Ball Bearings, which includes the larger 
sizes of bearings for industrial ap- 
plications as well as those which have 
been standardized for many years by 
the Society for automotive use. 

The report of the Screw - Threads 
Division on round unslotted-head bolts 
of the automotive type, on p. 20 of 
Section 3 of the January, 1931, issue 
of the S.A.E. JOURNAL, was withdrawn 
in view of the recurrence of uncer- 

‘tainty regarding the patent situation 
since the report was published. 

One of the important phases of the 
reports that were considered by the 
Standards Committee is the policy that 
had been adopted by the Tire and Rim 
Division in the preparation and presen- 
tation of its reports, this policy being 
to recommend to the Society the adop- 
tion of only tire and rim specifications 
for standard nominal sizes of tires and 
rims for original equipment, and the 
deletion from the S.A.E. HANDBOOK of 
detail constructional dimensions such 
as for rim contours and supplementary 
data, tire loads and inflation pressures, 
because of frequent changes in them 
due to commercial developments and, 
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inasmuch as revised data are issued 
currently by the Tire and Rim Associ- 
ation, Inc., to all .of the automotive 
manufacturers. The policy was ap- 
proved and will obviate having the 
S.A.E. HANDBOOK contain data that is 
more or less obsolete at the time each 
issue is published and distributed. 


Reports Approved by the Council 


At the meeting of the Council that 
was held immediately following the 
Standards Committee meeting the 
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action taken by the Standards Com- 
mittee on all of the reports, except 
as already mentioned in the report of 
the Ball and Roller Bearing Division 
on lock nuts and washers, was ap- 
proved. 

At the annual business meeting of 
the Society on Monday evening, Chair- 
man Arthur Boor reported the action 
taken by the Standards Committee and 
the Council on all of the reports sub- 
mitted and, except for the reports that 
had been withdrawn or referred back 
to their respective divisions, they were 
ordered to publication in the 1931 edi- 
tion of the S.A.E. HANDBOOK. 


Members in Attendance 
Michel, C. A., Vice- Jandus, H. S. 
Chairman Johnson, W. M. 
Bonnett, C. E. Kalb, L. P. 
Boor, A., Chairman Keys, W. C. 
Bryant, E. J. Larson, C. M. 


Burnett, R. S., Stand- Lemon, B. J. 
ards Manager Mougey, H. C. 
Clark, W. G. Outcalt, W. J. 
DeLong, B. H Packard, J. A. 
Falge, R. N. Parker, Leo 
Haggott, W. S. Parsons, H. N. 
Heames, R. M. Pierson, D. M. 
Herrick, E. D. Roberts, L. L. 





Saladin, H. J. 

Schorman, W. A. P. dent 

Swain, J. G. Watson, J. M. 

Upham, E. W. Wooler, Ernest 
Zimmerman, O. B. 


Guests in Attendance 


Anglada, J. A. 
Bethune, R. M. 
Brown, W. C. 
Buchanan, F. C. 
Cullen, W. J. 
Gibson, R. W. 
Johnson, C. V. 
Kirkland, Arthur 
Knopf, C. L, 


MacGregor, V. R. 
MclIntyre, G. 
Mitchell, W. C. 
Nutt, Harold 
Oberg, Erik 
Partenheimer, H. 
Schippel, H. F. 
Smith, C. W. 
Wood, E. C. 


Trailer Hitch Subdivision 
Holds Meeting 


N WEDNESDAY evening the 

Subdivision of the Motorcoach and 
Motor-Truck Division of the Standards 
Committee, that was organized to carry 
furward a standardization program on 
four - wheel -trailer pintle eyes and 
tractor-trailer fifth-wheel connections, 
reviewed a number of criticisms and 
suggestions on the pintle eye that had 
been suggested by the Subdivision at 
its meeting in Chicago last November. 
It had been suggested previously by the 
Subdivision that the dimensions for this 
eye be such as to give at least 80,000 
lb. tensile strength with an ample 
safety factor when low-grade material 
is used. In general discussion, in 
which the standard eyes that have been 
developed by some of the largest four- 
wheel - trailer operators such as the 
American Telephone & Telegraph Co. 
were mentioned, it was felt that the 
subject should receive further study by 
the trailer manufacturing members of 
the Subdivision; and accordingly it was 
agreed that each manufacturer will 
submit drawings of the eyes he uses, 
together with data on the quantity in 
which each has been manufactured, so 
that a composite standard pintle eye 
may be developed. 

A lengthy and interesting discussion 
by the trailer manufacturers’ represen- 
tatives on the subject of the proposed 
standardization of tractor-trailer fifth- 
wheel connections brought out many 
points which they feel will make the 
formulation and adoption of a standard 
a difficult matter at best. Various ways 
of approaching the problem and the 
effect that existing conditions, especial- 
ly commercial ones in the trailer indus- 
try, have on standardization, were dis- 
cussed. 

Replies to a questionnaire that had 
been sent out by one of the trailer 
manufacturers to a number of his 
customers was interesting in that it 
showed that the majority of them are 
interested in standardization of this 
type of connection. It was felt, how- 
ever, that not sufficient information of 
this character had been obtained by the 
Subdivision, and accordingly it was 
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agreed that a questionnaire would be 
prepared by the trailer manufacturers, 
together with suggestions to be incor- 
porated in an accompanying letter as 
to the purpose and hoped for results 
of the standardization program. These 
and lists of the larger operating com- 
panies using tractor-trailer equipment 
will be sent to the Society’s office for 
circularizing, and it is hoped that 
ample information will be received by 
this means for the Subdivision to make 
definite recommendations at its next 
meeting, which is planned to be held 
during the summer meeting of the So- 
ciety at White Sulphur Springs, W. 
Va., in June. 

It was indicated at the meeting that 
there will probably be definite stand- 
ardization of motor-truck frame widths 
in the near future, and it was proposed 
that the Subdivision develop standard 
dimensions for mounting the lower half 
of the fifth wheel on the truck frame. 
The trailer manufacturers will prepare 
a tentative recommendation for cir- 
cularizing among the truck manufac- 
turers as soon as more definite infor- 
mation is available on the standardiza- 
tion of motor-truck frame widths. 


Joint Meeting of Production 
Activity Committees 


TS JOINT meeting of the 1930 and 
1931 Production Activity Commit- 
tees was convened at three o’clock on 
Tuesday afternoon, Jan. 20, by Vice- 
Chairman J. W. Brussel, in the absence 
of Chairman John Younger. Informal 
reports were submitted for Chairman 
J. Geschelin of the Activities Meetings 
Committee, reviewing briefly the Pro- 
duction Activity meetings during 1930. 
Chairman Brussel of the Membership 
Committee, reported that, due to the 
effect on the production engineers of 
the very unstable situation in the in- 
dustry during the last year, it had been 
impossible to accomplish much toward 
increasing the production-engineering 
membership of the Society. 

Mr. Brussel then referred to the 
paper on Machine - Tool Obsolescence, 
presented by L. A. Blackburn at the 
Production Session, Tuesday evening, 
as relating to a very vital problem in 
production engineering and suggested 
that, as the subject leads into produc- 
tion accounting, it should be followed 
through by securing data from a num- 
ber of representative automotive man- 
ufacturing companies on the volume of 
machinery they have and how much of 
it has been obsoleted during the last 
two years. It was indicated that a 
study of this problem would involve 
such a great number of factors and 
variations that it could be a superficial 
one only, that might serve as a general 
guide. 

Some stress was laid on the edu- 


cational value to production men of 
such a study in making available to 
them useful information on production 
accounting that otherwise would not be 
available. 

After appropriate concluding re- 
marks by Vice-Chairman Brussel, 
Chairman A. K. Brumbough of the 
1931 committee took the chair. In his 
remarks he emphasized that the Com- 
mittee should have a definite objective 
to help the Committee and the Society 
to work out their own production pro- 
grams that would result in the devel- 
opment and dissemination of data and 
information of real value to the in- 
dustry. 

Chairman Brumbough then discussed 
at length his suggestion to the Commit- 
tee that the personnel problem in the 
production department of. manufactur- 
ing is the most vital problem today in 
its economic and social aspects to man- 
ufacturing management and to em- 
ployees. Mr. Brumbough said that, in 
studying this question prior to the 
meeting, it seemed to him that one big 
problem is the control of production 
labor with the recurrence of high and 
low points in the business cycle and 
how the production man can bring this 
problem to the realization of business 
managements. 

A lengthy discussion of this subject 
by those present resulted in the Com- 
mittee expressing the opinion that the 
matter should be studied by all mem- 
bers of the Committee. They should 
make suggestions as to vital points of 
the problem and how they should be 
studied and as to a program for effec- 
tive publicity as soon as possible on the 
Committee’s purpose in taking up this 
subject and on the results that it hopes 
to accomplish. 

Chairman Brumbough stated that he 
would prepare his views and sug- 
gestions on the subject in written form 
for the members of the Committee as 
the basis for beginning such a general 
publicity program. 

In discussing a further program for 
the Committee’s work during the year, 
a number of subjects were referred to 
that had been suggested from one 
source or another during the last few 
mcnths. Among these are the studies 
of the length of time parts should be 
carried in stock; on rust prevention 
during storage; on methods, formulas, 
and charts, for determining future uses 
of parts and materials; on use of sepa- 
rate machine-shops for service work; 
on systems employed to hold necessary 
tools for obsolete parts; on the sched- 
uling of parts through the production 
and the service-parts-machining divi- 
sions; on relation of dealers’ records 
to the manufacturer’s spare - parts 
stock; and on micromotion applications 
and their relation to tool design. 

A number of other subjects were 
mentioned, during the discussion of 
which it was felt by the Committee 


that a questionnaire should be sent to 
all members of the Committee giving 
them the subjects that had been sug- 
gested from various sources to the 
Committee and asking them to supple- 
ment this list with two or three of their 
own most vital problems for the Com- 
mittee’s study in connection with devel- 
oping this year’s program. 

After discussion of the Activities 
Meetings program for the year it was 
agreed that the National Meetings 
Committee be requested to schedule one 
session for the Production Activity at 
the Semi-Annual Meeting of the So- 
ciety at White Sulphur Springs, 
W. Va., in June, at which a paper on 
production-employment problems should 
be presented by an author who will be 
able to handle the problem effectively 
and reach manufacturing management 
with it. 

Plans for the National Production 
meeting of the Society next Fall were 
next considered. It was decided that 
this meeting should be held in Detroit, 
probably during the second week of 
October, and that it should consist of 
four sessions, an evening session on 
Tuesday, afternoon and evening ses- 
sions on Wednesday and an evening 
session on Thursday. 

It was felt that not more than two 
papers should be scheduled for each 
session and that the topics should be 
selected from the subjects now before 
the Production Committee, supple- 
mented by those that may be submitted 
by the members of the Committee. 

It was agreed that definite plans for 
the coming meetings as outlined above 
should be begun by the Meetings Com- 
mittee of the Activity Committee with- 
out delay and that the next meeting 
of the Activity Committee should be 
held in Detroit as soon as the desired 
information regarding topics for 
papers has been collected for the Com- 
mittee. 


Sections Committee Meeting 


HE Sections Committee met at 

breakfast in one of the most repre- 
sentative Committee meetings held in 
some time, with Vice-Chairman Nor- 
man G. Shidle in the chair, owing to the 
enforced absence of Chairman Lemon 
from the meeting the greater part of 
the time. Various phases of Section 
activity and ways and means for sup- 
plying to each of the Sections, from 
each other and from the main office in 
New York City, information that will! 
be of help in producing good Section 
meetings were discussed. 

The Cleveland Section plan of having 
a sponsor for each meeting named from 
among the older members of the So- 
ciety was outlined to the representatives 
of the various Sections. Means for ob- 
taining as complete Section represen- 
tation as possible at future Section 
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Committee meetings were also dis- 
cussed. Sections represented at this 
Committee meeting were Buffalo, Cana- 
dian, Cleveland, Dayton, Detroit, In- 
diana, Metropolitan, Milwaukee, North- 
ern California, and Philadelphia. 


Membership Committee 
Meeting 


A JOINT meeting of the 1930 and 
4 1931 Membership Committees was 
held Wednesday noon, Jan. 21, at which 
various phases of membership work of 
the Society were discussed. 

Chairman F. K. Glynn, of the 1930 
Membership Committee, reported on the 
work done last year and then Alex 
Taub, chairman of the Committee for 
1931, discussed some of his plans for 
organizing the work for the present 
year. 

The consensus of the Committee was 
that this year offers unusual opportu- 
nities for laying a strong foundation 
for future work. 


Motor-Truck Chassis Subdivi- 
sion Meeting 


T THE MEETING of the Motor- 
4 Truck Chassis Subdivision of the 
Motoreoach and Motor-Truck Division 
of the Standards Committee on Thurs- 
day afternoon, two phases of motor- 
truck frame standardization were dis- 
cussed, namely: motor-truck frame 
width, and the dimensions from the 
back of the cab to the center-line of the 
rear axle. Among those attending the 
meeting were representatives of com- 
mittees of the National Automobile 
Chamber of Commerce, the American 
Petroleum Institute and the Society, 
and a number of guests. 

The meeting first reviewed the dis- 
cussion of this standardization pro- 
gram at a meeting of motor-truck man- 
ufacturers and operators in Chicago 
last November and a joint meeting of 
the motor - truck standardization com- 
mittee of the S.A.E. with members of 
the Motorcoach and Motor-Truck Divi- 
sion of the Society’s Standards Com- 
mittee and the N.A.C.C. Truck Stand- 
ards Committee in New York early in 
January. A round-table discussion of 
the practice in frame widths on cur- 
rent models of motor-trucks followed, 
which indicated a trend toward rather 
general adoption of the 34-in. frame 
width on all makes of truck, especially 
in sizes larger than 1% tons. Approx- 
imately 32-in. frames are used for some 
of the smaller sizes. 

The principal factor in determining 
what frame width can be used is pri- 
marily, as brought out in the discus- 
sion, the 96-in. over-all width limita- 
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tion imposed by the motor-vehicle reg- 
ulations in several States and the de- 
velopment of high-speed large-capacity 
trucks equipped with large dual pneu- 
matic tires. Mention was made of the 
possibility of some States changing 
their regulations to permit greater 
over-all widths of 102 in. or 106 in., but 
it was felt that any advantages gained 
in this direction would be absorbed by 
the necessary use of still larger tire 
sizes to carry the larger and speedier 
trucks that are sure to be developed in 
the future. 

It was finally agreed as the serise 
of the meeting that it be recommended 
to the Society that a standard nominal 
width of 34 in. with a maximum toler- 
ance of plus % in., 
adopted as 
frames. 

The meeting then took up the mat- 
ter of a series of standard dimensions 
from the back of the cab to the center- 
line of the rear axle, the series of 
dimensions as suggested by the West 
Coast Group of the American Petro- 
leum Institute, the N.A.C.C. and Pierre 
Schon, being placed before the meeting. 
It was explained that the dimensions 
suggested by the A.P.I. West Coast 
Group represent a line of body-space 
dimensions that would adequately meet 
the requirements of the oil companies’ 
tank trucks and that this series of 
dimensions could be modified to meet 
the requirements of various vocational 
operations. 

It was indicated that the N.A.C.C. 
dimensions were a compromise of pres- 
ent motor-truck practice, while the 
latest suggested series of dimensions 
was the result of a careful analysis of 
dimensions advancing by progressive 
increments that will permit mounting 
standard bodies of all types and va- 
rious capacities with desired load dis- 
tributions between rear and_ front 
axles, especially on the longer-body 
jobs. It was pointed out that, for 
special requirements that must fre- 
quently be met by the truck manu- 
facturer, any required length from the 
back of the cab to the center-line of 
the rear axle can be provided by short- 
ening the next longer standard size. 
One immediate advantage of standard- 
ization of these motor-truck lengths, as 
pointed out by one of the motor- 
truck representatives, is that it has 
permitted his company to standardize 
on one cab and one position of the 
steering-gear for all of its trucks and 
also to reduce the variety of other 
parts, such as brake rigging. 

Discussion of the question of what 
tolerances should be applied to the pro- 
posed chassis dimensions indicated 
that whatever permissible variation 
may be specified should be plus rather 
than minus, as variations in body 
lengths can always be taken care of 
where such allowance is on the plus 
side of the standard length. It was 
not felt at the meeting that a definite 


minus zero, be 
standard for motor-truck 





recommendation could be made on the 
amount of tolerance that should be 
specified until further data on the re- 
quirements in various classes of op- 
eration and types of body could be 
obtained by the Subdivision. It was 
finally agreed that each of the motor- 
truck manufacturers should furnish to 
the Society, tables of the dimensions 
from the back of the cab to the center- 
line of the rear axle for all of their 
current models, classified according to 
the types of load and body for which 
they are sold, and the tolerances within 
which they maintain these lengths. 
These data will then be compiled by 
the Society for distribution to the 
Subdivision members for further con- 
sideration. A questionnaire will also 
be sent to the National associations of 
the various classes of motor-truck op- 
erators and to others giving the fol- 
lowing series of suggested dimensions 
from the back of the cab to the center- 
line of the rear axle and asking for 
information as to how close their pres- 
ent motor-trucks come to these dimen- 
sions and whether their operations will 
permit them to use trucks of these 
standard dimensions in their particular 
classes of operation. 


SUGGESTED MOTOR-TRUCK-FRAME LENGTHS 
FROM BACK OF CAB TO CENTER-LINE OF 
REAR AXLE, IN. 


39 72 120 
48 84 138 
60 102 156 


As further progress is made with 
this program of standardization, in- 
formation regarding it will be pub- 
lished in future issues of the S.A.E. 
JOURNAL and made available otherwise, 
so that both the manufacturers and 
operators of motor-trucks may be in- 
formed and participate fully in deter- 
mining what the standard shall be. 


Errors in A. M, Wolf’s Article 


N THE aarticle entitled Automobile 

Engineering Progress Disclosed at 
Shows, by Austin M. Wolf, which ap- 
peared in the January issue of the 
S.A.E. JOURNAL, several errors crept 
in. On p. 27 the illustration of the 
Bijur automatic lubricating system was 
inverted. On p. 28 in the fifth line of 
the first column the increase in wheel 
base length for the Lincoln car should 
be 9 in. instead of 8 as printed. In the 
third line of the next paragraph cam- 
and-level should be cam-and-lever. 
Packard should be substituted for Buick 
in the list of cars using the Bijur au- 
tomatic lubricating system as given in 
the second line of the last column. On 
p. 29 the last word of the sixth line of 
the second column should be fender not 
frame, and in the fifth line of the next 
paragraph in the same column section 
should be plural. 








} 
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Personnel of S.A.E. Committees for 1931 


4 an organization meeting of the 
L 1931 Council, held in Detroit on 
Jan. 23, President Bendix announced 
his appointments on the Administrative 
Committees and the personnel of the 
Professional Activities, Technical and 
Special Committees as follows.  In- 
cluded in this list are the Research 
Committee and its Subcommittees, the 
Standards Committee and its Divisions, 
the Society’s Special Committees, and 
other organizations in which the So- 
ciety is represented. Acceptance of 
their appointment Fas not yet been re- 
ceived from all of those named. 


Administrative Committees 
CONSTITUTION COMMITTEE 
W. T. Fishleigh, Chairman (1 yr.) 
F. E. Watts 
(3 yr.) 
FINANCE COMMITTEE 
David Beecroft, Chairman 
W. L. Batt J. W. White 
C. W. Spicer C. B. Whittelsey 
HOUSE COMMITTEE 


R. H. Combs, Chairman 


B. B. Bachman 


(2 FE. 


E. F. Lowe 
F. A. Cornell 


J. A. Anglada 
S. R. Dresser 
MEETINGS COMMITTEE 
N. G. Shidle, Chairman 
E. P. Blanchard 
W. S. James 


Fk. C. Horner 
L. C. Hill 
PROFESSIONAL ACTIVITIES 
REPRESENTATIVES 
Aircraft 
Aircraft-Engine 


Carl Harper 
G. W. Lewis 


Diesel-Engine A. J. Poole 
Motor-Truck B. B. Bachman 
Passenger-Car W. C. Keys 


Passenger-Car-Body 
Production 
Transportation 


Roy Anderson 
Joseph Geschelin 
Adrian Hughes, Jr. 
SECTION REPRESENTATIVES 

Baltimore A. Bruce Boehm 
Buffalo W. H. Schaefer 
Canadian F. N. Horton 
Chicago B. S. Pfeiffer 
Cleveland Hoy Stevens 
Dayton V. G. Apple 
Detroit A. J. Neerken (Body Division) 
Peter Altman (Aeronautic Division) 
Indiana George Freers 
Metropolitan A. M. Wolf 
Milwaukee Chester S. Ricker 
New England James A. Moyer 
Northern California Howard Baxter 


Northwest Robert S. Taylor 
Oregon H. W. Drake 
Philadelphia J. P. Stewart 
Pittsburgh C. F. Kells 
Southern California F.C. Patton 
St. Louis George F. Heising 


Syracuse 
Washington 
Wichita 


R. N. Wright 
L. D. Webb 
Mac Short 


MEMBERSHIP COMMITTEE 
Alex Taub, Chairman 
C. S. Fliedner W.S. Peper 
G. O. Pooley Gerald White 
PROFESSIONAL ACTIVITIES 
REPRESENTATIVES 
C. B. Harper 
G. W. Lewis 
L. F. Burger 
C. F. Magoffin 
Alex Taub 
Jacob Hammer] 
J. W. Brussel 
H. V. Middleworth 


SECTION REPRESENTATIVES 
Edward W. Jahn 


Aircraft 
Aircraft-Engine 
Diesel-Engine 
Motor-Truck 
Passenger-Car 
Passenger-Car-Body 
Production 
Transportation 


Baltimore 


Buffalo A. F. Carlson 
Canadian A. N. Bentley 
Chicago R. E. Wilkin 


Cleveland A. A. Skinner 


Dayton V. G. Apple 
Detroit Alex Taub 
Indiana Charles Merz 
Metropolitan A. L. Beall 
Milwaukee Wesley B. Pusey 


William M. Clark 
Samuel Boukard 


New England 
Northern California 


Northwest G. P. Webster 
Oregon A. R. Trombley 
Philadelphia Henry Coleman 
Pittsburgh J. A. Harvey 


Southern California William Fairbanks 
St. Louis G. C. Stevens 


Syracuse R. B. Beauchamp 
Washington E. S. Pardoe 
Wichita Lloyd Stearman 





PUBLICATION COM MITTEE 


David Beecroft, Chairman 


W. E. Kemp 
A. M. Wolf 


H. K. Cummings 
G. W. Lewis 





SECTIONS COMMITTEE 
*R. R. Teetor, Chairman 
V. G. Apple (Dayton) 
D. S. Cole (Cleveland) 
R. H. Combs (Canadian) 
H. C. Dickinson (Washington) 
G. P. Dorris (St. Louis) 
John Erskine (Chicago) 
Murray Fahnestock (Pittsburgh) 
C. P. Grimes (Syracuse) 
W. C. Keys (Detroit) 
Earl W. Kimball (Buffalo) 
*Albert W. Lodge 
J. F. Long (Northern California) 
Neil MacCoull (Metropolitan) 
Charles Merz (Indiana) 
*F. E. Moskovics 
F. B. Myers (Oregon) 
F. C. Patton.(Southern California) 
G. O. Pooley (Baltimore) 
Mac Short (Wichita) 
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J. P. Stewart (Philadelphia) 

Robert Taylor (Northwest) 

Glenn Whitham (New England) 

Fred M. Young (Milwaukee) 

*Member at large 

Professional Activities Committees 
AIRCRAFT COMMITTEE 


G. W. Lewis, J. C. Hunsaker 


Chairman B. G. Leighton 
C. J. McCarthy, Grover Loening 
Vice-Chairman L. D. Seymour 
E. E. Aldrin Mac Short 
H. Chatfield W. L. Smith 
W. Crowley, Jr. W. B. Stout 
B. Fritsche E. E. Wilson 


B. Harper T. P. Wright 


i. 

J. 

C. 

C. W. Hall Orville Wright 
C. 

C. W. Howard C. M. Young 


AIRCRAFT-ENGINE COMMITTEE 


Arthur Nutt, E. D. Herrick 
Chairman G. W. Lewis 
Robert Insley, W. L. Smith 
Vice-Chairman C. F. Taylor 
H. K. Cummings P. B. Taylor 
C. S. Fliedner T. E. Tillinghast 
John Geisse N. N. Tilley 


DIESEL-ENGINE COMMITTEE 
W. F. Joachim, 
Chairman 
C. B. Jahnke, 
Vice-Chairman 
C. R. Alden 
R. J. Broege 
L. F. Burger 
Harte Cooke 
C. L. Cummins 
H. C. Dickinson 
C. S. Fliedner 
J. B. Frauen- 
felder 
H. D. Hill 


H. L. Horning 

J. H. Hunt 
Carlton Kemper 
D. W. R. Morgan 
J. F. Max Patitz 
A. J. Poole 

J. Otto Scherer 
P. H. Schweitzer 
M. J. Steele 

G. N. Somerville 
H. R. Sutphen 

C. F. Taylor 

O. D. Treiber 
Marsden Ware 


PASSENGER-CAR COMMITTEE 


E. S. Marks, W. T. Fishleigh 
Chairman W. R. Griswold 


W. C. Keys, K. L. Herrmann 
Vice-Chairman L. P. Kalb 

J. R. Bartholo- F. F. Kishline 
mew B. J. Lemon 

G. C. Brown G. L. MeCain 

R. E. Cole Ivan Ornberg 

J. M. Crawford D. G. Roos 

W. J. Davidson Alex Taub 


W. N. Davis P. L. Tenney 


PASSENGER-CAR-BoDY COMMITTEE 


W. N. Davis 
W. H. Emond 
George Grimm 
Jacob Hammer! 
L. C. Hill 

E. E. Lundberg 
Amos Northup , 
C. O. Richards 
M. H. Toncray 


C. B. Parsons, 
Chairman 


A. J. Neerken, 
Vice-Chairman 


Roy Anderson 

Hermann A. 
Brunn 

Oliver Clark 
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TRANSPORTATION AND MAINTENANCE 
COMMITTEE 


C. C. Humber 
I. A. Hungerford 
A. A. Lyman 
H. C. Marble 
H. V. Middle- 


F. K. Glynn, 
Chairman 
A. S. McArthur, 
Vice-Chairman 

J. C. Bennett 


C. H. Bolin worth 
O. M. Brede L. V. Newton 
O. R. Cole J. M. Orr 


A. F. Coleman 
J. W. Cottrell 
Henry Dakin 
Harlon W. Drake 
W. J. Duffy 
W. H. Fairbanks 
E. Favary M. F. Steinberger 
N. A. Finch, Jr. R. H. Van Ness 
A. H. Gossard J. F. Winchester 
F. C. Horner E. C. Wood 
Adrian Hughes, 

Jr. 


MOTORCOACH AND MOoTOoR-TRUCK 
COMMITTEE 


L. R. Bucken- M. C. Horine 


E. S. Pardoe 
F. C. Patton 
G. O. Pooley 
T. L. Preble 
Pierre Schon 
P. V. C. See 


dale, C. F. Magoffin 
Chairman A. F. Masury 
B. B. Bachman, W. L. Moreland 


Vice-Chairman 
H. D. Church 
F. R. Fageol 
G. A. Green 


C. A. Pierce 
M. L. Pulcher 
A. J. Scaife 

A. W. Scarratt 
PRODUCTION COMMITTEE 


A. K. Brum- J. Geschelin 
baugh, C. A. Mayer 
Chairman W. W. Nichols 
J. W. Brussel, Erik Oberg 
Vice-Chairman J. E. Padgett 
J. B. Armitage V. P. Rumely 


David Ayr E. N. Sawyer 
L. B. Berg F. W. Stein 


E. P. Blanchard 
J. A. Callahan 
F. H. Colvin 

A. R. Fors 


C. C. Stevens 

Stanley Whit- 
worth 

John Younger 


Research Committees 
RESEARCH COM MITTEE 


B. B. Bachman, Neil MacCoull 
Chairman G. L. McCain 


O. C. Berry F. C. Mock 

Carl Breer Arthur Nutt 

R. W. Brown T. A. Peck 

F. F. Chandler D. G. Roos 

H. M. Crane V. P. Rumely 

H. C. Dickinson W. R. Strickland 
H. L. Horning Alex. Taub 


J. C. Hunsaker 
J. H. Hunt 
H. M. Jacklin 


C. F. Taylor 
R. R. Teetor 
O. D. Treiber 


W. S. James W. G. Wall 
Ferdinand Jehle E. P. Warner 

C. F. Kettering R. E. Wilson 

W. E. Lay J. F. Winchester 
B. J. Lemon A. M. Wolf 

G. W. Lewis H. T. Woolson 


B. Liebowitz 


FRONT-W HEEL-ALIGN MENT 
SUBCOM MITTEE 

S. R. Castor 

F, F. Chandler 

C. P. Grimes 


B. J. Lemon, 
Chairman 
W. B. Barnes 
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O. T. Kreusser 
J. M. Nickelson 


S.A.E. JOURNAL 


A. R..Platt 
E. Shay 


FUELS SUBCOMMITTEE 


(Cooperating 
Standards, the 


with 


National 


the Bureau of 
Automobile 


Chamber of Commerce, the American 
Petroleum Institute and the American 
Society for Testing Materials) 


O. D. Treiber, 
Chairman 

E. E. Aldrin 

B. B. Bachman 

D. P. Barnard 

A. L. Beall 

A. E. Becker 

O. C. Berry 

T. A. Boyd 

D. G. Brandt 

G. G. Brown 

H. R. Cobleigh 

H. M. Crane 

C. L. Cummins 

T. B. Danckwortt 

H. C. Dickinson 

C. S. Fliedner 

J. B. Fraunfelder 

J. C. Geniesse 

S. D. Heron 


H. D. Hill 

H. L. Horning 
C. B. Jahnke 
W.S. James 

W. F. Joachim 
C. S. Kegerreis 
A. A. Lyman 

J. B. Macauley 
Neil MacCoull 
F, C. Mock 
Arthur Nutt 

M. J. Reed 

T. B. Rendel 
Daniel Roesch 
P. H. Schweitzer 
W. L. Smith 

G. N. Somerville 
C. F. Taylor 

E. T. Vincent 

J. E. Wild 


HEADLIGHT SUBCOMMITTEE 


H. M. Crane, 
Chairman 

C. C. Bohner 

W. C. Brown 

R. E. Carlson 

H. C. Dickinson 

C. T. Doman 


R. N. Falge 

W. T. Fishleigh 
J. H. Hunt 

E. E. Huntington 
W. S. James 

P. J. Kent 

C. A. Michel 


HIGHWAYS SUBCOMMITTEE 
(Cooperating with the Rubber Associ- 
ation of America and the U. S. Bureau 

of Public Roads) 


H. C. Dickinson, 
Chairman 

B. B. Bachman 

R. W. Brown 

W. E. Lay 

B. J. Lemon 


Benjamin Lie- 
bowitz 

Martin Schreiber 

J. A. Sloan 

J. F. Winchester 


RIDING-COMFORT SUBCOM MITTEE 


R. W. Brown, 
Chairman 
A. C. Bates 
F. F. Chandler 
W. J. Davidson 
H. C. Dickinson 
M. L. Fox 
Tore Franzen 
H.° B. Hench 
Samuel P. Hess 
H. M. Jacklin 
W. S. James 
W. C. Keys 
B. J. Lemon 


Benjamin Lie- 
bowitz 

H. R. McMahon 

F, A. Moss 

C. R. Harrman 

Orrel A. Parker 

R. F. Peo 

W. C. Robbins 

E. F. Rossman 

B. Schroeter 

W. R. Strickland 

Ammon Swope 

W. G. Wall 

E. P. Warner 


COOPERATIVE FUEL RESEARCH 
STEERING COMMITTEE 


(Cooperating with 


Standards, the 


National 


the Bureau of 
Automobile 


Chamber of Commerce and the Ameri- 
can Petroleum Institute) 


B. B. Bachman 
O. C. Berry 


T. A. Boyd 
H. R. Cobleigh 


H. M. Crane 

H. C. Dickinson 
C. S. Fliedner 

H. L. Horning 

W.S. James 

W. F. Joachim 


SPECIAL 


RESEARCH 





C. S. Kegerreis 
A. A. Lyman 

J. B. Macauley 
F. C. Mock 
Arthur Nutt 
Wesley L. Smith 


COMMITTEE ON 


MECHANICAL SPRINGS OF THE AMERI- 
CAN SOCIETY OF MECHANICAL 
ENGINEERS 


N. E. 
son 
B. Liebowitz 


Hendrick- 


E. W. Stewart 


COOPERATIVE COMMITTEE ON MOTOR- 
TRUCK IMPACT TESTS 
(Cooperating withthe Bureau of Pub- 


lie Roads and the 


Rubber Association 


of America) 


B. B. Bachman 
R. W. Brown 
B. Liebowitz 


Martin Schreiber 
C. B. Veal 


Standards Committees 


STANDARDS COMMITTEE 
A. Boor, Chairman 
G. L. McCain, Vice-Chairman 
C. A. Michel, Vice-Chairman 


AIRCRAFT DIVISION 


J. F. Hardecker, 
Chairman 
Mae Short, 
Vice-Chairman 
Lieut. R. S. 
Barnaby 
J. R. Cautley 
C. H. Colvin 
R. C. Eaton 
G. G. Emerson 
Lieut. C. B. 
Harper 
Major C. W. 
Howard 


C. E. Kirkbride 
I. M. Laddon 
K. M. Lane 

B. J. Lemon 

C. J. McCarthy 
L. C. Milburn 
Proctor Nichols 
C. T. Porter 
W. L. Smith 
G. I. Stich 
Edward Wallace 
T. P. Wright 


AIRCRAFT-ENGINE DIVISION 


Arthur Nutt, 
Chairman 

Robert Insley, 
Vice-Chairman 

C. S. Fliedner 

E. D. Herrick 


L. A. Majneri 
Capt. E. R. Page 
M. J. Steele 

A Va D. Willgoos 


AXLE AND WHEELS DIVISION 


O. A. Parker, 
Chairman 
George Walther, 
Vice-Chairman 
L. R. Buckendale 


G. W. Carlson 
C. C. Carlton 
G. W. Harper 
E. R. Jacobi 


BALL AND ROLLER-BEARINGS DIVISION 


G. R. Bott, 
Chairman 
E. R. Carter, Jr., 
Vice-Chairman 
H. E. Brunner 
F. H. Buhlman 
D. F. Chambers 


L. A. Cummings 

T. C. Delaval- 
Crow 

H. R. Gibbons 

K. L. Herrmann 

H. N. Parsons 

Ernest Wooler 


DIESEL-ENGINE DIVISION 


C. B. Jahnke, 
Chairman 
D. W. R. Morgan, 


Vice-Chairman 


L. F. Burger 
Harte Cooke 
Cc. L. Cummins 
J. F. Fox 







 — 


. D. Hill 

. T. Larkin 
2. Nibbs 

A. J. Poole 

E. B. Rawlins 
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M. J. Reed 

C. G. A. Rosen 
O. D. Treiber 
E. J. Vincent 


ELECTRICAL-EQUIPMENT DIVISION 


D. M. Pierson, 
Chairman 
D. S. Cole, 
Vice-Chairman 
Azel Ames 
A. K. Brumbaugh 


.C. F. Gilchrist 


W. S. Haggott 


Wm. H. Hutchins 
L. M. Kanters 
A. R. Lewellen 
L. E. Lighton 

4. O. Parker 

A. J. Poole 

E. K. Schadt 

T. E. Wagar 


_ 


GASOLINE-ENGINE DIVISION 


E. S. Marks, 
Chairman 

J. B. Fisher, 
Vice-Chairman 

R. J. Broege 

E. D. Herrick 


L. P. Kalb 

EK. T. Larkin 
A. F. Milbrath 
H. G. Smith 
R. R. Teetor 
V. C. Young 


IRON AND STEEL DIVISION 


Fk. P. Gilligan, 
Chairman 
A. H. d’Arcam- 
bal, 
Vice-Chairman 
J. R. Adams 
A. L. Boegehold 
Henry Chandler 
Bishop Clements 
B. H. DeLong 
N. L. Deuble 
H. J. Fischbeck 
H. W. Graham 
W. G. Hildorf 


EK. J. Janitzky 
J. B. Johnson 
W. J. MacKenzie 
J. A. Mathews 
W. C. Peterson 
S. P. Rockwell 
R. B. Schenck 
H. P. Tiemann 
E. W. Upham 
J. M. Watson 
T. H. Wickenden 
Henry Wysor 
O. B. Zimmerman 


LIGHTING DIVISION 


C. A. Michel, 
Chairman 

R. E. Carlson, 
Vice-Chairman 

C. C. Bohner 

W. C. Brown 

A. W. Devine 

H. C. Doane 

G. P. Doll 


R. N. Falge 
C. L. Holm 

R. W. Johnson 
A. R. Lewellen 
D. M. Pierson 
A. N. Taylor 
W. F. Thoms 
T. E. Wagar 


LUBRICANTS DIVISION 


E. W. Upham, 
Chairman 

H. C. Mougey, 
Vice-Chairman 

Sydney Bevin 

A. B. Boehm 

W. G. Clark 

O. E. Eckert 

J. B. Fisher 

J. C. Geniesse 

W. H. Graves 

E. N. Klemgard 

C. M. Larson 

W. W. Lowe 

K. G. Mackenzie 


J. L. McCloud 

H. M. Northrup 

W. H. Oldacre 

W. F. Parish 

T. A. Peck 

G. A. Round 

H. J. Saladin 

W. A. P. Schor- 
man 

F. D. Shields 

B. E. Sibley 

C. W. Simpson 

H. G. Smith 

J. B. Terry 

R. E. Wilson 


MOTORBOAT AND MARINE-ENGINE DIVISION 


Leonard Ocht- 
man, Jr., 
Chairman 
N. E. Donnelly, 
Vice-Chairman 
W. R. Beckman 


James Craig 

K. L. Childs 
Jacob Dunnell 
Frank Fernstrum 
H. E. Fromm 

G. N. Hickey 


Leroy Holmes Walter Leveau 


F. T. Irgens C. F. Loew 
W. E. John A. E. Luders 
V. W. Kliesrath H. W. Lyon 


MOTORCOACH AND MOTOR-TRUCK DIVISION 
A. W. Herring- W. F. Klein 


ton, Chairman A. A. Lyman 
Adolph Gelpke, J. A. Packard 

Vice-Chairman L. H. Palmer 
W. J. Baum- A. J. Scaife 

gartner E. M. Schultheis 
M. C. Horine P. V. C. See 
G. B. Ingersoll T. C. Smith 

E. 


L. C. Josephs, Jr. 
F. W. Kateley 


M. Sternberg 


NON-FERROUS METALS DIVISION 
Zay Jeffries, P. V. Faragher 


Chairman J. A. Gann 
H. C. Mougey, W. H. Graves 
Vice-Chairman J. B. Johnson 
W. H. Bassett R. R. Moore 


C. H. Calkins 
D. L. Colwell 


W. B. Price 
C. W. Simpson 


H. R. Corse T. H. Wickenden 
W. A. Cowan H. M. Williams 
R. M. Curts 


PARTS AND FITTINGS DIVISION 
A. Boor, M. B. Morgan 


Chairman Harcld Nutt 
Ivan Ornberg, W. J. Outcalt 


Vice-Chairman C. W. Spicer 
A. K. Brumbaugh C. E. Swenson 
H. S. Jandus P. L. Tenney 
W. C. Keys S. O. White 
E. F. Lowe G. W. Yanss 
G. L. McCain O. B. Zimmerman 


PASSENGER-CAR DIVISION 
G. L. McCain, G. A. Delaney 


Chairman B. J. Lemon 
W. L. Barth Ivan Ornberg 
S. R. Castor H. C. Snow 
W. N. Davis R. A. Weinhardt 


PRODUCTION DIVISION 
F. W. Stein, W. P. Michell 


Chairman J. F. Morisette 
A. R. Fors, D. W. Ovaitt 
Vice-Chairman J. E. Padgett 
F. P. Barnes L. L. Roberts 
M. H. Blank E. N. Sawyer 
G. M. Hartsock Stanley Whit- 
R. B. Little worth 


SCREW-THREADS DIVISION 


E. H. Ehrman, C. T. Doman 
Chairman R. M. Heames 
Earle Bucking- W. E. John 
ham, W. J. Outcalt 


L. L. Roberts 

F, W. Stein 

S. B. Terry 

‘O. B. Zimmerman 


Vice-Chairman 
A. Boor 
E. J. Bryant 
G. Carvelli 


G. S. Case 
TIRE AND RIM DIVISION 
H. M. Crane, C. E. Bonnett 
Chairman C. C. Carlton 
W. R. Griswold, B. Darrow 
Vice-Chairman E. E. Dearth 
C. S. Ash J. E. Hale 
R. S. Begg F. W. Hertrich 


F. M. Holden K. D. Smith 
H. W. Kranz J. G. Swain 
B. J. Lemon C. P. Thomas 
E. S. Marks L. Thoms 

W. B. Minch F. E. Watts 
G. E. Parker B. F. Wright 
A. J. Scaife R. B. Wuerfel 





METHODS OF EXPRESSING LIMITS 
AND TOLERANCES 
Earle Bucking- E. H. Ehrman 


ham, C. W. Spicer 
Chairman O. B. Zimmerman 


PATENTS 
B. B. Bachman, Lloyd Blackmore 
Chairman J. H. Hunt 


G. C. Arvedson M. W. McConkey 


STANDARDIZATION POLICY 


A. Boor, F. E. Moskovics 
Chairman A. J. Scaife 
H. W. Alden C. W. Spicer 


B. B. Bachman 
H. M. Crane 
George McCain 
C. A. Michel 


W. R. Strickland 
E. P. Warner 
Vincent Bendix 
H. L. Horning 


Representatives on Other Organiza- 
tions and Committees 


AMERICAN BUREAU OF WELDING 
Alexander Churchward 


AMERICAN ELECTRIC RAILWAY 
ASSOCIATION 
SUBCOMMITTEE NO. 2 ON MOTORCOACHES 

L. H: Palmer A. J. Scaife 


AMERICAN MARINE STANDARDS 
COMMITTEE 


H. R. Sutphen R. S. Burnett 


AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS - 
RESHARCH COMMITTEE ON CUTTING OF 
METALS 
L. L. Roberts 
(Alternate) 


W. H. McCoy 





AMERICAN SOCIETY FOR TESTING 
MATERIALS 


COMMITTEE Al ON STEELS 
F. P. Gilligan W. C. Peterson 
SUBCOMMITTEE XIX ON SHEET STEEL AND 
STEEL SHEETS 
W. C. Peterson 


SUBCOMMITTEE XIV ON TOOL STEEL 
A. H. d’Arcambal 
SUBCOMMITTEE XII ON METHODS OF 
CHEMICAL ANALYSIS 
J. R. Adams 
COMMITTEE A7 ON MALLEABLE 
CASTINGS 
H. T. Chandler 
COMMITTEE B6 ON DIE-CAST METALS 
AND ALLOYS 
C. W. Simpson 
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COMMITTEE D2 ON PETROLEUM PRODUCTS 
AND LUBRICANTS 


H. C.. Mougey 


COMMITTEE D11l ON RUBBER PRODUCTS 
F. C. McManus 


JOINT COMMITTEE ON INVESTIGATION OF 
THE EFFECT OF PHOSPHORUS AND SUL- 
PHUR IN STEEL 


F. P. Gilligan 


SPECIAL COMMITTEE ON GENERAL USE OF 
SPECIFICATIONS FOR COPPER ALLOYS IN 
INGOT FORM 

L. B. Case 


JOINT COMMITTEE ON DEFINITIONS OF 
HEAT TREATMENTS 

J. A. Mathews S. P. Rockwell 

G. L. Norris 


AMERICAN STANDARDS ASSOCIATION 
BOARD OF DIRECTORS 
F. E. Moskovics 
STANDARDS COUNCIL 
Veal A. J. Seaife 
(Alternate) 


C.. 3. 


COMMITTEE ON FORM AND ARRANGEMENT 
OF SPECIFICATIONS 


R. S. Burnett 


BUREAU OF STANDARDS 
ADVISORY COMMITTEE ON STRUCTURES 
AND FABRICATED METALS 

C. L. Burns J. H. Nelson 


COMMITTEE ON 
F. P. Gilligan 


FERROUS METALS 
W. C. Peterson 


ENGINEERING FOUNDATION 
IRON ALLOYS RESEARCH COMMITTEE 


T. H. Wickenden 


FEDERAL SPECIFICATIONS BOARD 
COMMITTEE ON STORAGE BATTERIES 


F. H. Prescott 
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GUGGENHEIM MEDAL BOARD OF 
JUDGES 
E. S. Land W. B. Stout 
Arthur Nutt E. P. Warner 


MECHANICAL STANDARDS 
COUNCIL 


A. Boor 


ADVISORY 


MoTOoR-VEHICLE CONFERENCE 
COM MITTEE 
SUBCOMMITTEE ON MOTORCOACH CODE 
REVISION 

R. S. Burnett E. S. Pardoe 


F. C. Horner A. J. Scaife 
L. H. Palmer 


NATIONAL SCREW-T HREAD 

COM MISSION 
Earle 
ham 


Bucking- G. S. Case 


JOINT ARMY AND NAVY 
CONFERENCE 
J. F. Hardecker 


AERONAUTIC 


ADVISORY BOARD OF THE GOVERN- 
MENT TECHNICAL COMMITTEE ON 
LUBRICANTS AND LIQUID FUELS 
C. F. Kettering 


NATIONAL RESEARCH COUNCIL 
HIGHWAY RESEARCH BOARD 


B. B. Bachman H. M. Crane 

(Alternate ) 
ENGINEERING AND INDUSTRIAL DIVISION 
J. H. Hunt E. P. Warner 


NATIONAL ADVISORY COMMITTEE FOR 
AERONAUTICS 
POWERPLANT SUBCOMMITTEE 

H. M. 


Crane 








Special Committees 


COKER F. CLARKSON MEMORIAL 
COM MITTEE 
C. B. Whittelsey, H. L. Horning 
Chairman N. B. Pope 


COMMITTEE ON INSTITUTIONAL 
HISTORY AND MUSEUMS 
Py: Sa 


Faurote 
MANLY MEMORIAL MEDAL 
AWARD 


Henry M. Crane, G. W. Lewis 
Wesley L. Smith 


BOARD OF 


Chairman 
MILITARY MOTOR-TRANSPORT 
ADVISORY COMMITTEE 


(In cooperation with the Quartermas- 
ter Corps, United States Army) 


A. W. Herring- KF. C. Horner 
ton, Chairman H. L. Horning 

B. B. Bachman A. F. Masury 

W. J. Davidson G. L. McCain 

W. T. Fishleigh O. A. Parker 

G. A. Green D. G. Roos 

F. K. Glynn A. J. Scaife 

J. E. Hale A. W. Scarrett 


ORDINANCE ADVISORY COM MITTEE 


(In cooperation with the 
Department, United States Army) 


A. F. Masury, H. T. McDonald 
Chairman (Alternate) 

H. W. Alden E. F. Norelius 

George A. Green G. A. Round 

F. C. Hecox A. J. Scaife 

A. W. Herrington W. G. Wall 


P. E. Holt oe 


STOCK-CAR-CONTEST ADVISORY 
COM MITTEE 
with the 


(In cooperation American 


Automobile Association) 
T. J. Litie, dr., C. S. Ricker 

Chairman D. G. Roos 
F. S. Duesenberg H. C. Snow 


A. W. Herrington W. G. Wall 


WRIGHT BROTHERS MEDAL BOARD OF 


AWARD 


E. S. Land 
Rn. Upson 


E. P. Warner, 


Chairman 


Ordnance 


Winchester 








Marmon Wins Metropolitan Medal 


Award for Most Notewo rthy Passenger-Car Development Made at 
January Meeting— Year’s Automobile Improvements Reviewed 


4g ppbcitetalgesste dpe Section’s annual 
4 dinner party at the Hotel Commo- 
dore, New York City, on Monday of 
Show Week, lived up to its reputation 
as a “sell-out” by hanging the S.R.O. 
sign long before the doors opened. 
Over 500 attended, the registration be- 
ing about equally divided between New 
Yorkers and big bolt and shackle men 
from the West. 

The high spot of the affair was the 
presentation of the Metropolitan Sec- 
tion Medal for Passenger-Car Design 
to Howard C. Marmon as the individual 
responsible for the most noteworthy 
passenger-car development of the year. 
Preceding its presentation by Past- 
President W. G. Wall, the sponsor for 
the medal, Fredrick E. Moskovics, was 
introduced. His brief remarks were 
humorous, somewhat philosophical and 
thoroughly optimistic. 

Mr. Wall spoke for the medal com- 
mittee consisting of Herbert Chase of 
the McGraw-Hill Co.; T. J. Litle, Jr., 
of the Holley Carburetor Co.; N. B. 
Pope, editor of Automobile Topics; T. 
C. Smith of the American Telephone & 
Telegraph Co.; and Mr. Wall. After 
much discussion, the committee had de- 
cided, said Mr. Wall, that the engine 
of the new Marmon Sixteen merited rec- 
ognition as the year’s most noteworthy 
accomplishment in passenger-car devel- 
opment. The medal was therefore pre- 
sented to Howard C. Marmon, the en- 
gine’s designer, with special mention of 
its (a) light weight-power ratio, (b) 
compact and highly refined design, (c) 
new and apparently practical method of 
introducing cylinder liners, (d) con- 
sistent and well studied application of 
light-weight alloys and (e) its further 
development of the economical block 
construction. 


Dinner Establishes High Mark 


The dinner itself, right up to the ice- 
cream cake with doves and angels ram- 
pant surrounded by edible clouds, was 
enough better than the Commodore’s 
best to set a record high mark at which 
sponsors of the other 999 Show Week 
dinners might aim. More angels with- 
out doves—without, in fact, any ac- 
cessories other than radiator orna- 
ments and skid chains—were an in- 
triguing part of the entertainment. 
Petite blond twins danced and sang, 
angel fashion; three acrobatic Gypsies 
turned flips and flops, angel fashion; 
a vivacious brunette warbled sweet 
nothings into the ears of those at the 
speakers’ table, much to the amusement 





of the rest of the audience; and as a 
grand finale a motor pageant of 1931 
arranged by Roy Perkins, head of the 
Poppycock and Folderol Division of the 
National Broadcasting Co., was pre- 
sented. 

The scheduled speakers were Harry 
L., Horning, president of Waukesha Mo- 
tor Co.; Athel F. Denham, field editor 
of Automotive Industries; and O. T. 
Kreusser, director of the General Mo- 
tors Proving Ground. Chairman Austin 


M. Wolf presided. 


Horning Describes Engine Im- 
provements 


Mr. Horning not only told what de- 
velopments have been brought out in 
1931 passenger-car engines but also 
gave his authoritative and valuable 
opinion as to the merits of each alleged 
improvement. As an engineer, he ques- 





HOWARD C. MARMON 


tioned whether sound methods of con- 
struction are not in many instances be- 
ing sacrificed to @btain horsepower of 
the A.D. (Advertising Department) va- 
riety. Mr. Horning commended spe- 
cifically Packard’s manifolding, the 
Hudson and Chrysler oil cooling and 
Marmon’s efficient new 16-cylinder en- 
gine design. He good-naturedly poked 
fun at Buick for multiplicity of air, 
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water, gas and what-not controls and 
gadgets and at Oakland for the mys- 
terious “tin-coated” piston about which 
even Oakland engineers seem to know 
very little. He mentioned a number of 
engines in the 200-hp. class, saying that 
only over-production of gasoline and the 
location of gas stations near together 
permits operation of such machines. 


Other factors discussed by the 
speaker included carbureter-air  si- 
lencers, vibration dampers, rubber 


mountings, combustion-chamber design, 
iron versus aluminum pistons, valves 
and valve springs and bearings for 
sixes. “This year,” said Mr. Horning 
in closing, “will see some great im- 
provements in lubricating oils and sys- 
tems. The outstanding features of 
1931 engines are power, acceleration, 
speed and silence.” 


Chassis Developments Discussed by 
Denham 


The second speaker, A. F. Denham, 
talked of chassis developments as dis- 
closed by 1931 cars. His paper was a 
careful compilation of the details of 
chassis-design changes with particular 
attention to multiple-step sliding-shift 
transmissions and free wheeling to- 
gether with the chassis changes asso- 
ciated with the adoption of such de- 
vices. 


Kreusser Talks on Bodies 


O. T. Kreusser, the third speaker, de- 
plored the similarities so evident in all 
the elements of body design despite 
the many advances being made. He 
characterized elimination of applied 
moldings as a great forward step. He 
spoke of the slanting windshield and of 
difficulties to be overcome in securing 
satisfactory door hanging. The ten- 
dency toward convertible body styles is 
giving us strong, light top sections and 
roofs, said Mr. Kreusser. 

Insulation from engine heat is re- 
ceiving serious attention, but stuffing 
holes with “bull’s wool” is far from 
being a solution of this problem, in Mr. 
Kreusser’s opinion. Elimination of wind 
noises to obtain quiet will necessitate 
further streamlining and this, said the 
speaker in conclusion, will make the 
body engineer responsible for design in 
front of the dash as well as behind it. 

The February meeting of Metropoli- 
tan Section is scheduled to be held at 
the A. W. A. Clubhouse, 357 West 57th 
Street, New York City, on the 18th, the 
subject being automobile-body aero- 
dynamics. 
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Pittsburgh Hills Test Brakes 


Symposium with Five Speakers Brings Out Record- 
Breaking Attendance of 244 


HE Pittsburgh Section started the 
new year right on Jan. 15 with 157 
paid dinner guests and a total meeting 
attendance of 244, thus breaking all its 
attendance records. The attraction was 
a five-speaker symposium on the sub- 
ject of Brakes which was held at the 
Carnegie Institute of Technology. 
Prof. J. W. Trimmer, of the Car- 
negie Institute, presided and _ intro- 
duced Lewis W. McIntyre, Pittsburgh 
traffic engineer, who made a hit by as- 
serting he could stop as accurately as 
any car, and then placing his own 
watch and stop-watch on the table, to 
make sure the green, yellow and red 
lights, which had been so thoughtfully 
provided by the Pittsburgh Section to 
warn speakers of the approach and end 
of their 20-minute sessions, operated 
properly for, he said, “Stop lights dont 
always work.” 


What Constitutes Adequate Brakes 


Mr. MelIntyre told how in 1929, un- 
der compulsory inspection of 1,450,000 
automobiles, 25.9 per cent had faulty 
‘brakes. The 1930 inspection showed 
26.54 per cent needing adjustment and 
nearly 4 per cent needing relining. 

“State laws that only require an au- 
tomobile to stop from a speed of 20 
m.p.h. within 50 ft. are obsolete,” de- 
clared Mr. McIntyre. “Modern brakes 
will stop a car within 19 ft. at that 
speed.” 

For State laws merely to specify that 
a car must be stopped within a certain 
distance is not sufficient. That the car 
must be stopped safely is of special 
importance, continued the _ speaker. 
Practically all the braking effort may 
be on one side of the car, or on the 
front wheels. During emergency stops 
the car may be quickly turned from a 
straight course. Then unequal brak- 
ing effort might throw the car out of 
control, thereby causing a serious acci- 
dent. 

In making a quick stop, Mr. MclIn- 
tyre stated that careful observation 
will show that the front of the car drops 
2 or 3 in. This results in a very ma- 
terial transference of weight and of 
braking effort which can be applied to 
front and rear wheels. Since manufac- 
turers have taken advantage of this 
transfer of weight, manufacturer’s in- 
structions should be followed when ad- 
justing brakes. Modern motor-cars 
should be supplied with brakes giving 
a braking effort of from 70 to 80 per 
cent of the weight of the car. 

For brakes to be adequate, they 
should not only enable a stop to be 
made within legal limits, but the stop 
should be safe, properly equalized or 
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proportioned, and _ sufficient reserve 
should be available to take care of the 
gradual deterioration that is bound to 
occur, concluded the Pittsburgh traffic 
engineer. 


Air and Hydraulic Systems 

The second speaker, Stephen John- 
son, Jr., chief engineer of the Bendix- 
Westinghouse Automotive Air Brake 
Co., presented his paper on the Fun- 
damental Characteristics and Design 
of Modern Air-Brake Equipment for 
Automotive Commercial-Vehicles, to- 
gether with a large number of lantern 
slides showing the details of air-brake 





LEWIS W. 


Pittsburgh Traffic Engineer. 


McINTYRE 


equipment as mounted on _ various 
chassis and also representative vehicles 
on which air-brake equipment is now 
being used. 

The air compressor used for auto- 
motive brake equipment, said Mr. 
Johnson, has two air-cooled cylinders, 
either horizontal or vertical. The 
inlet valve is of the rotary type, but 
disc-type discharge-valves are used, 
because they have little inertia. The 
governor, or unloader, consists primar- 
ily of a tube similar to the well-known 
Bourdon tube used pressure gages 
and a double-seated valve construction. 
When reservoir pressure reaches a pre- 
determined point, say 90 lb., the tube 
is deflected, unseating the valve. The 
unloader has a 15-lb. range, so that 
when pressure in reservoir drops to 75 
lb., the compressor is again loaded. 












Among the advantages offered by the 
air brake are (a) it is instantaneous, 
flexible and yet powerful, capable of 


controlling the heaviest loads; (b) its 
direct application to the axle makes 
equalized forces possible; (c) it re- 
quires no physical energy, relieving 
driver of fatigue; (d) the air brake 
permits use of harder brake-linings, 
either composition or metal; and (e) 
air may be used for tire inflation and 
to operate auxiliary apparatus. 

Owing to the illness of H. C. Bowen, 
of the Hydraulic Brake Co., the paper 
on Hydraulic Automotive Brakes was 
presented by J. R. Rose, Jr., of Wag- 
ner Electric Co., who told of the early 
development of the hydraulic brake, 
beginning when Malcolm Lockheed, 
then a young driver of racing cars, 
first fitted his own car with four-wheel 
hydraulic brakes. Like other pioneer 
inventions, these hydraulic brakes were 
ahead of their time, and it remained 
for the general development of the au- 
tomobile to bring them into their pres- 
ent extensive use. 

Mr. Rose showed a number of lan- 
tern slides featuring the various de- 
tails of the design and operation of hy- 
draulic brakes. He also exhibited a 
number of cut-away models of the vari- 
ous parts of hydraulic-brake operating- 
mechanisms, which were examined with 
interest by those present. 


Mechanical and Booster Brakes 

Professor Trimmer then introduced 
M. M. Cunningham, of the Bendix 
Brake Co., whose scholarly presentation 
on Motor-Car Brake-Effectiveness was 
well received by the members as an ex- 
position of recent advances in the art 
of practical mechanical brakes. 

Mr. Cunningham told how service 
men were largely responsible for the 
rapid improvement in mechanical 
brakes and how this had been further 
aided by the introduction of balloon 
tires. Brakes are essentially machines 
for converting mechanical energy into 
heat, he stated, and he gave the fol- 
lowing brake formula: 

Kinetic energy 
where 


0.0334 WN 


W =the weight of car in pounds 
N =the speed in miles per hour 


With the effective aid of large blue- 
prints, the speaker showed the manner 
in which mechanical brakes, of the 
two-shoe and the three-shoe type, could 
obtain additional power for their ap- 
plication through the principle of self 
energization. 

Mr. Cunningham also mentioned the 
desirability of the Society’s standard- 
izing brake-linings and hoped that this 
project would soon be consummated so 
a service man could identify and instal] 
brake-linings with the proper coeffi- 
cient of friction in order that safe and 
satisfactory operation might be 
tained. 

The final speaker was R. P. Breese, 


ob- 


installation department manager for 
the Bragg-Kliesrath Corp., who showed 
a full-size working  booster-braking 
system, operating with vacuum from 
one of the engines running in the lab- 
oratory in which the meeting was held. 
He effectively sketched on the black- 
board the various hook-ups, both with 
and without booster systems and 
showed in a graphic manner the pro- 
portional forces exerted in various 
parts of the component parts of brake 
hook-ups. He also explained the man- 
ner in which the vacuum booster could 
be applied to the operation of hy- 
draulic brakes. 


Wheel Alignment Is New 
England Subject 


EMBERS and guests of the New 
4 England Section of the Society 
learned some very interesting things at 
the Jan. 13 meeting in the Hotel Ken- 
more, Boston, from President Will 
Dammann, of the Bear Mfg. Co., of 
Rock Island, Ill., about wheel and axle 
alignment and the causes of trouble- 
some steering and shimmy. 

Chairman Albert Lodge had Mr. 
Dammann and G. H. Kinter, of New 
Haven, representative of the Bear com- 
pany, as guests of the Section at the 
dinner preceding the meeting. More 
than 150 were present when the busi- 
ness session began, a number of men 
from outside Boston helping to make it 
the largest meeting of the Section this 
season. 

Mr. Dammann started with the pre- 
mise that faulty axle and wheel align- 
ment is the principal cause of weaving, 
wandering, jerking, hard steering and 
shimmy; also that scuffing, pitting, 
scraping and gouging of tires are 
largely the result of faulty alignment. 
He explained that the four principal 
relationships that must be maintained 
in the balance in the steering mecha- 
nism are pitch, toe-in, axle caster and 
wheel tracking. Misadjustment of any 
one of these upsets all four. Wheels 
must also be kept in balance and free 
from eccentricity, and the _ steering 
linkage must turn freely without loose- 
ness. Difficult steering and excessive 
play will result otherwise, he pointed 
out. 

How the laboratory and experimen- 
tal service of his factory carries 
through a systematic check-up, going 
over every possible source of trouble 
to determine its exact cause, was then 
explained by Mr. Dammanh. He not 
only told how this work is carried on 
but told of new developments constant- 
ly arising that lead to complications 
which must be studied and overcome. 


Some of these are due to design and, 


construction. 

Very interesting was his account of 
the work done at the last Indianapolis 
500-mile race, when his organization 
was asked to furnish alignment service 
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for the racing cars. Many of these 
cars had been rebuilt, and it was nec- 
essary to make corrections of axle and 
wheel alignment to 30 out of the 38 
machines that were entered. 

Among the other things which the 
speaker touched upon that kept his 
audience very much interested was the 
effect of tire pressure on the steering 
angles. He said that a variation of 5 to 
10 lb. causes an appreciable and meas- 
urable change in the pitch and toe-in 
of the wheels and in the caster angle. 


Troubles and Remedies Presented 
Visually 


A miniature model of a front axle, 
complete with springs,  steering- 
knuckles and steering connections, was 
used by Mr. Dammann to fully illus- 
trate the cause of steering troubles. 
The result of a forward or backward 
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movement of the caster angle could 
readily be seen. A complete set of 
gages, shims and other devices used in 
wheel-alignment and axle-straighten- 
ing jobs was also at hand, so that their 
operation could be demonstrated. 

Slides were presented to give a com- 
plete picture of the troubles arising 
from many sources that put axles and 
wheels out of alignment. These were 
supplementary to the model. 

Animated discussion followed, in 
which some points not touched on in 
the talk were brought out; for exam- 
ple, that too much front-spring lubri- 
cation may cause shimmy or make the 
car hard to control; that drivers often 
cannot differentiate between shimmy 
and road shocks; and that testing and 
correcting the wheel alignment of used 
cars would help to solve the used-car 
problem and make satisfied customers. 


Taxes and Brakes Considered 


Increased Taxation Opposed at Seattle—Speakers 
Analyze Brake Shop-Equipment and Methods 


NOUR speakers, all of them dealing 
with some phase of the braking 
motor-car problem, were on the pro- 
gram of the January meeting of the 
Northwest Section, held Friday even- 
ing, Jan. 9, at the New Washington 
Hotel, in Seattle. Don F. Gilmore, Sec- 
tion Chairman, presided. Robert S. 
Taylor, former Chairman and head of 
the Program Committee, reported plans 
for having Prof. F. G. Baender, of the 
Oregon Agricultural College, give his 
long-talked-of address on Flame at the 
February meeting. 

Attendance was very good at this, 
the first meeting of 1981. The ‘speak- 
ers were John M. Wright, district man- 
ager of the Russell Mfg. Co., on the 
subject, The Braking Problem; C. A. 
O’Neill, of the Bendix Service Corp., 
on the topic, Cowdrey Brake-Testing 
Machines; Martin M. Fisher, president 
and manager of the Barnes & Fisher 
Co., on The B. & F. Brake-Shoe 
Grinder; and John T. Friedli, president 
and manager of the Friedli Recording 
Device Co., on The Friedli Brake-Test- 
ing Machine. 

The principal part of the program 
was devoted to Mr. Wright’s contribu- 
tion, which consisted of three reels of 
motion pictures taking’ spectators 
through the Russell brake-lining manu- 
facturing plants in Middletown, Conn., 
and a short talk principally devoted to 
brake-linings. 


Opposes Increase in Taxes 


A special report was made by 
Charles Finn, treasurer of the Section 
and a member of the Seattle Chamber 
of Commerce Traffic Committee, who 


spoke in opposition to the proposal of a 
flat $3 motor-vehicle license fee and a 
gasoline tax of 4 cents per gallon. The 
present State gasoline tax is 3 cents, 2 
cents for State Highway purposes and 
1 cent going to Oregon Counties. His 
opposition was based on inability of the 
change to produce sufficient revenue to 
carry on the program of State highway 
expansion and maintenance. JHe ad- 
mitted that the gasoline tax was a fair 
one for the measure of road usage but 
declared a higher tax than 4 cents per 
gallon is not favored. Then the prob- 
lem would be to figure out the flat 
license fee with a 4-cent gasoline tax 
instead of the present 3-cent tax. A 
flat fee of $8 regardless of weight, or 
of $6 or vehicles weighing less than 
2500 Ib. and $12 for those weighing 
more, would result in about holding rev- 
enue up to requirements, he said. 

Cost for maintenance per mile of 
State highway, non-paved, declared Mr. 
Finn, is $700 per annum, and for paved 
highways, $50. Oiling highways has 
proved costly and has not given a last- 
ing surface, because of climatic condi- 
tions in Washington. In the Olympic 
Peninsula, where the best form of this 
work, oil mixed with gravel, was done, 
the highway broke up in from 18 to 30 
days. “The State cannot afford to slow 
up on its paving program,” said Finn. 
There are now 3200 miles in the State 
highway system, and it is planned to 
add 1400 miles more this year, he said. 


Brake-Testing Machines Described 


Mr. O’Neill explained the mechanism 
of the Cowdrey brake-tester and gave 
reasons for the Bendix Aviation Corp. 


February, 1931 







































































276 


selecting it. “It gives actual road 
tests, and just what the vehicle will do 
on the highway can be scientifically and 
accurately computed from the results,” 
he declared. “It gives a true story for 
the action of each wheel. The reading 
is in pounds showing pressure on the 
brake-drum of each wheel.” 

Two reasons given for not having 
more speed in the machine were that 
accurate readings would then not be 
possible and higher speed would cause 
heating of brake-drums. High or low 
spots can be accurately located at a 
slow rate of speed, which would be im- 
possible if the machine were speeded 
up. 

Mr. Friedli explained the development 
of his recording device since 1925 and 
told of its acceptance by officials in all 
Pacific Coast States and 11 eastern 
States. The pendulum principle is in- 
volved in his instrument, which is 
clamped on the running board or 
placed on the floor of the vehicle. “We 
weigh retardation,” he said, ‘“‘and ob- 
tain simply the stopping distances on 
the road at various speeds showing de- 
celeration in feet per second. We do 
not obtain equalization but do get 
actual performance. Tests can be made 
in about 1 min. A recorded certificate 
is automatically punched as it is with- 
drawn from a slot in the machine, this 
showing the swing of the pendulum.” 


Repair-Shop Brake-Equipment 


Mr. Fisher described how the B. & F. 
grinder for brake-shoes gives as nearly 
as possible 100-per cent contact on the 
brake-drums. The machine has grad- 
uated scales for measuring drum diam- 
eters and setting micrometer adjust- 
ments on the ball-crank handle and 
positive stop. It has a capacity for 
brake linings for drums 10 to 24 in. 
in diameter and 1 to 7 in. wide. A 
%-hp. motor is used. The grinding 
wheel is an 8 x 3-in. cup, made of sharp 
grit bonded with Bakelite. This, he 
said, provides a wheel that runs free 
and cool, because of the open structure 
which dissipates heat, not loading or 
gumming on the softest lining. 

Mr. Wright called his paper Looking 
Brake Problems Squarely in the Face. 
He admitted that the problems are not 
yet solved, although advances are being 
made continually. “There are a num- 
ber of good brake linings,” he said, 
“and 90 per cent of brake troubles are 
not. due to the linings, although it is 
natural to blame the lining. The fault 
may be with the lining or the me- 
chanic, or, again, with neither, for there 
are certain inherent shortcomings,” he 
stated. Drum scoring usually begins 
early after a relining job has been 
done, and he urged care in the use of 
brakes after relining. 

“Tf a car owner would be half as 
careful with relined brakes as he is in 
breaking in a new car, scoring would be 
reduced to a minimum,” he said. ““How- 
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ever, the driver generally wants to 
show how well his brakes work and he 
makes sudden stops.” 

For the well-equipped brake - shop, 
Mr. Wright advocated the following 
equipment: drum lathe, countersinking 
and riveting machine, brake-tester or 
equalization machine, brake - shoe 
grinder to increase the area of contact, 
and drum gage. 


“The result desired is, of course, to 
do an accurate brake job. Cheap drums 
and cheap lining are poor economy,” he 
said, “the best being the cheapest in 
the long run.” His discussion was con- 
cluded with an analysis of various 
grades of asbestos. He advocated call- 
ing the work of relining brakes by the 
more inclusive phrase, “complete over- 
haul of the brake system.” 


A Professorial Aireraft Meeting 


Oregon Section Donates a Fusselage to Oregon State 
College and Gets Lectured 


eck ag demonstrating its active 
interest and cooperation in things 
aeronautic, the Oregon Section devoted 
its entire Jan. 9 dinner meeting to the 
aviation theme, paying its particular 
respects to the new aeronautics course 
at Oregon State College. 

It was for the benefit of this college 
course that the meeting was held. Five 
Oregon State College professors were 
on the list of speakers, four of them pre- 
senting papers, and formal presenta- 
tion was made to the school of an air- 
plane fuselage, wings and other air- 
plane parts for use as_ laboratory 
equipment. 

The Oregon Section took the initia- 
tive in calling for these gifts. Port- 
land aviation firms did the rest with 
generous response. H. W. Drake, 
chairman of the section, in making 
the presentation, acknowledged the aid 
of these companies—the First National 
Flying Svstem, Inc.; Tex Rankin 
School of Flying; Pacific Machinery & 
Tool Steel Co.; Breese Aircraft Corp. 
and the Adcox Auto & Aviation School. 
“Tt is our hope that this will serve to 
create an interest which will be far 
more important than that which we 
have done,” said Chairman Drake. in 
turning the gifts over to the school. 

Prof. F. G. Baender, head of the de- 


partment of mechanical engineering at 
the College, responded, expressing the 
school’s appreciation and telling of the 
student attention shown the new course. 
Three aviation officials preceded the 
professors on the speaking program. 
George L. Sammis, president of the 
Aero Club, Portland chapter of the 
National Aeronautics Association, 
spoke of the assistance given by the 
Oregon Section of the S.A.E. to avia- 
tion development in the past; L. L. 
Adcox, president of the Adcox School, 
briefly described work being done at 
his school on a new light airplane en- 
gine designed by J. Harry Groat; and 
Tex Rankin, head of the Tex Rankin 
School of Flying, made a few promis- 
ing predictions for aviation in 1931. 
That 1931 will be the real beginning 
of commercial aviation and that it will 
be the most profitable year aviation 
has seen, were some of Mr. Rankin’s 
forecasts. The 1930 oversupply of 
planes has been absorbed, factories are 
getting new orders and the industry’s 
wheels are beginning to hit their pace 
again, he said. He spoke, too, of new 
markets for planes, particularly that 
to result from increased interest in 
private flying. Among others, hun- 
dreds of professional and business men 
will learn to fly and will purchase their 
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own craft in the new year, he pre- 
dicted. 

Leading off the papers presented by 
the Oregon State College professors 
was that entitled Training in Aeronau- 
tical Engineering, by H. S. Rogers, 
dean of the School of Engineering, di- 
rector of the Engineering Experimen- 
tal Station and head of the Depart- 
ment of Civil Engineering. 

Four types of training to serve the 
aviation industry were cited by Dean 
Rogers. These are flight training; 
training in construction, production 
and maintenance; training in aeronau- 
tical engineering, directed primarily 
toward the design of planes; and train- 
ing in the management and operation 
of airports and air traffic. 

Giving information on the Oregon 
State College aeronautics course, Dean 
Rogers said that two standards had 
been set; one, to obtain the services of 
competent instructors closely in touch 
with their subjects, and the other, to 
obtain suitable laboratory equipment. 
While the school could use approx- 
imately $250,000 worth of laboratory 
equipment, he said, it is not poorly 
provided for, having some of the finest 
equipment in the West. 

The hope in starting the new course, 
according to the dean’s paper, is to de- 
velop a strong undergraduate course. 
As established, the course is an option 
in mechanical engineering. Because of 
the wide variety of subjects studied, 
the dean expressed belief that those 
taking the new course “will have as 
broad a knowledge as any students go- 
ing into other branches of the Engi- 
neering Department.” 


Interesting comparisons between 
aviation activities in the United States 
and those of the British Isles were 
drawn by Prof. Walter R. Jones, pro- 
fessor of aeronautical engineering, in 
his paper on The Aircraft Industry in 
Great Britain. 

Professor Jones recently visited the 
British Isles to look into aviation there. 
Purchasing a car, he traveled ’round 
and about, getting a close insight into 
the aeronautical workings on the other 
side. 

The British aircraft industry still is 
almost entirely dependent for its exis- 
tence on requirements of the Royal Air 
Force, he found. Because of relatively 
small distances between important cen- 
ters and frequent and fast rail service, 
there is no necessity for organized air- 
transport within the islands. For sev- 
eral years regular air-service has been 
maintained between London and the 
important centers on the Continent, 
under government subsidy, but the de- 
mand for equipment of the type used is 
a small factor in the industry. 

Professor Jones found a noteworthy 
development in England of the sport or 
light plane, usually a two-seater pow- 
ered with an engine of about 100 hp., 
selling at $2,000 to $4,000. In this con- 
necton, a number of light-plane clubs 
have been formed, also subsidized to a 
small extent by the Government. 

A high state of efficiency has been 
reached by military aviation in En- 
gland, the professor said. Diverse 
types of plane and highly specialized 
craft are of interest. Whereas earlier 
English designs were clumsy, planes of 
today present a pleasing ensemble with 
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evidence of careful attention to detail. 

The paper reported further that, in 
contrast with the case in this Country, 
there has been no marked tendency to- 
ward the exclusive use of air-cooled en- 
gines, both air-cooled and water-cooled 
types having been developed. There 
also has been development of the com- 
pression-ignition engine, of the type 
used in the ill-fated dirigible R-101. 

The extensive employment of metal 
is a characteristic of airplane con- 
struction in Great Britain. Frequent 
use of high-strength alloy steels, as 
yet virtually unused by the aircraft in- 
dustry in the United States, according 
to the speaker, is a feature. A factor 
in the preference for alloy-steel con- 
struction is the dependence on foreign 
sources of raw material “which might 
cause embarrassment in time of war,” 
read the paper. The material used is a 
chromium-nickel-alloy strip steel, the 
strength usually being defined in ‘‘tons 
proof.” 

Professor Jones mentioned ingenious 
methods of British manufacturers for 
producing closed sections of high struc- 
tural efficiency, with strips up to 120 
ft. long being put through rolls, elec- 
tric furnaces, water-cooled dies and 
electric hardening furnaces, to emerge 
as perfectly formed heat-treated sec- 
tions. He described still other manu- 
facturing processes for riveting exter- 
nal attachments to closed sections, for 
drawing tubes with thin walls to suffi- 
ciently uniform wall thickness and for 
turning out standardized machined fit- 
tings, bolts and rivets. 

Professor Jones’s paper was illus- 
trated with slides showing airplanes, 
airplane plants and construction de- 
tails which he observed overseas. 


Development of Welding Processes 


Slides also were shown with a paper 
on Welding from the Metallurgical 
Viewpoint, by Prof. S. H. Graf, direc- 
tor of engineering research at Oregon 
State College. The need for welding, 
the historical development of welding, 
present methods, methods used in 
plane construction, the nature of 
metals, the welding of light alloys, 
brazing and soldering were some of 
the points touched on. 

Forge-welding of wrought iron, steel 
and copper dates back to antiquity 
Professor Graf said. Flash-welding 
by electric current was practised to a 
small extent as far back as 1890. Pres- 
ent methods, however, particularly in 
structural welding, have been devel- 
oped in the last 20 years and greatly 
extended in the last three or four 
years. Welding processes are subdi- 
vided as resistance welding, arc-weld- 
ing, gas-welding and thermit-welding. 
In plane construction, the oxy-arety- 
lene torch, the electric arc and the re- 
sistance weld are used. 

Professor Graf gave results of tests 
made on welds. Under impact, he said, 
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the gas weld usually proves superior 
to the ordinary arc weld, probably be- 
cause of the more ready access of air 
to the arc-deposited metal with result- 
ing oxide and nitride inclusions. The 
higher temperature probably also is a 
factor. 

How the Army Air Corps tests its 
equipment and carries on its research 
activities was reported in the next 
paper, Activities at Wright Field, by 
Prof. J. C. Othus, assistant professor 
of mechanics and materials at Oregon 
State College. He also followed his 
talk with slides. 

Professor Othts told of the engineer- 
ing school founded at Wright Field in 
1919 to train pilots for executive jobs 
in the Materiel Division, of the equip- 
ment for research at the field and of 
some accomplishments of this research 
work, such as parachute perfection 
and the cooling of engines by ethylene 
glycol. Professor Othus was employed 
as a metallurgist at Wright Field last 
summer. 

Entertainment in the form of danc- 
ing and singing by some fast-stepping 
young women enlivened the Section’s 
dinner for the approximately 100 pres- 
ent. At one end of the room in Mult- 
nomah Hotel, the airplane fuselage and 
other plane parts being given Oregon 
State College were displayed. 

Chairman Drake outlined the pro- 
gram of the Section for the first six 
months of this year, including an out- 
ing at Longview, Wash., planned for 
the Northwest Section in June. He 
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also spoke of the approaching visits to 
the coast of John A. C. Warner, Gen- 
eral Manager of the Society, and A. J. 
Underwood, director of Section activi- 
ties and aeronautics. 


Weekly Luncheons a Section Feature 

A feature of the Oregon Section’s ac- 
tivities is the weekly Friday informal 
luncheons to promote the social and 
professional spirit of the members. The 
officers believe that this activity brings 
the members into closer. relation and 
accounts for the whole-hearted coopera- 
tion that the officers have enjoyed. Two 
of these luncheon groups are shown in 
accompanying engravings. One is of a 
group which met for luncheon last No- 
vember at the Portland airport be- 
cause of the interest taken in aeronau- 
tics by A. J. Underwood, who was then 
visiting the group. As he was the only 
official member of the National organi- 
zation to visit the Oregon Section since 
its formation a year ago, the members 
felt honored by this visit of a head- 
quarters representative. Box lunches 
were served and an inspection tour of 
the airport was made. 

On Dec. 19, following 
lunchean in the Multnomah Hotel, the 
group of a dozen members shown in 
another picture adjourned to the Ad- 
cox Aviation and Automotive Schools 
to inspect the school and also the fuse- 
lage which was being built there for 
the Section to be donated to the Oregon 
State College. Although not a member 
of the Section, Mr. Adcox graciously 
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donated all the labor and welding ma- 
terials for the job. 

The Oregon Section cordially invites 
all members of the Society who may 
have occasion to go to Portland to 
make their presence known to officers 
of the Section so that they can make 
the acquaintance of their fellow mem- 
bers in Oregon and, if possible, attend 
a meeting or a weekly luncheon. 

Great enthusiasm prevails among 
the members of the Section, which is 
planning a big Automobile Show Din- 
ner in cooperation with local dealers 
and car manufacturers’ representa- 
tives in the week of the Portland Auto- 
mobile Show in February. 


Met. Section Active in Safety 
Conference 


Rigor sponsorship of the Ameri- 
) can Society of Safety Engineers, 
the Second Annual Greater New York 
Safety Conference is to be held on Feb. 
25 at the Hotel Pennsylvania, New 
York City. Through Past-President 
Warner, the Metropolitan Section of 
the Society became interested in the co- 
operative safety movement and has 
taken a leading part in preparing 


for the Conference. 

The Conference is to be held under 
the auspices of the Metropolitan Chap- 
ter of the American Society of Safety 
Engineers, Engineering Section of the 
Safety 


National Council. Thirty-five 
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National and local civic and industrial 
organizations are cooperating. Among 
them are the civil, mechanical, electrical, 
mining, welding, illuminating, automo- 
bile and terminal engineering societies, 
the American Standards Association, 
the Motor Truck Association and vari- 
ous other industrial associations. 
Attendance at the First Safety Con- 
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ference, held last year, exceeded 900, 
and a larger attendance is anticipated 
this year. Papers on accident preven- 
tion in industrial plants, on the high- 
ways and in office buildings in the Met- 
ropolitan area are to be presented. An 
exhibition of safety devices and acci- 
dent-prevention is to be made in con- 
nection with the Conference. 


Dual-Drive Six-Wheel Vehicles 


Heavy Vehicles of Two Types Described at Meeting 
of Northern California Section 


\URING the dinner which preceded 
the scheduled meeting of the 
Northern California Section at the 
Athens Athletic Club in Oakland, 
Thursday, Jan. 8, Horace Hirschler, 
Chairman of the Reception Commit- 
tee, presided at the usual roll call. An 
entertainment was given and very fa- 
vorably received. The meeting brought 
out many of the old members who had 
not attended a Section meeting for 
some time. 

W. A. Eisman presented a brief out- 
line of the purpose, organization and 
program of the Western Metal Con- 
gress, which is to be held in San Fran- 
cisco during the week of Feb. 16. The 
sessions on the morning of Feb. 17 and 
the afternoon of Feb. 18 will be in 
charge of the Northern California Sec- 
tion, as representatives of one of the 
12 National societies which are spon- 
soring the Congress. The February 
meeting of the Section is to be omitted, 
the members being requested to attend 
the sessions of the Congress. 

Before the technical session there 
was a brief adjournment during which 
the Executive Committee met and voted 
an extended session for Jan. 20. 

First in the technical session came 
a short introductory paper read by Mr. 
Croninger, research engineer of the 
Fageol Motors Co., on the subject of 
progress in motor-car design, in which 
he recounted some of the obscure but 
important improvements that have been 
made during the last one or two years, 
particularly in the way of building bet- 
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ter service into motor-trucks. Notable 
among these have been the improve- 
ments in materials and in provisions 
for retaining oil in drive-shafts. 


Bill Describes New Fageol Truck 


Arthur H. Lacey then assumed the 
chair and introduced Theodore Bill, 
vice-president and sales manager of the 
Fageol Motors Co., who gave an illus- 
trated paper on the new four-wheel- 
drive truck of that company. One of 
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shackles provided to absorb the shock 
of the drive to the frame. Mr. Bill 
explained that the development of six- 
wheel trucks had been encouraged both 
by the greater gross-weight allowance 
provided by State laws for six-wheel 
vehicles and by the competition for 
hauling business which has caused a 
trend to reduce rates. He said that 
the dual-drive six-wheel truck can fur- 
nish transportation at lower cost per 
ton-mile than can four-wheel trucks, 
with or without six-wheel attachments. 


A Design with Three Differentials 


John Small delivered the final paper 
of the evening, on the subject of Equal- 
ized Four-Wheel Drives. He described 
a dual-drive six-wheel construction in 
which a master differential having its 
axles parallel to the length of the ve- 
hicle is supported on the frame and 
driven by spiral-bevel gears from the 
propeller-shaft. Two bevel-gear drives 
containing differentials, located in line 
with the respective pairs of driving 
wheels, are mounted on the ends of 
the master-differential shaft. Four 
short universal-jointed shafts carry 
the drives from these differentials to 
the road wheels. The four driving 





PATENTED TORQUE SPRING CONNECTING DRIVING AXLES OF FAGEOL TRUCK 


these trucks was on display in the 
front of the building and was inspected 
by the members during the recess pre- 
ceding the session. The principal fea- 
tures of this truck are the rear-axle 
suspension, which allows some flexibil- 
ity of axle position and provides sup- 
port for the brake torque on four 
radius-rods, the torque spring between 
the two rear axles, and the rubber 





REAR SUSPENSION OF FAGEOL DUAL-DRIVE TRUCK 


road-wheels are mounted on the ends 
of two rocking-beams, which in turn 
are mounted on a_ tubular cross- 
shaft or axle midway between the 
front and rear pairs of wheels. 

The first vehicles of this general de- 
sign were fitted with master differen- 
tials of non-spinning type, but experi- 
ments on wet roads are said to have 
proved that there is no danger of stall- 
ing under any conditions with a master 
differential of ordinary type. 

Discussion of the paper indicated 
doubt that the third differential is 
worth while. W. W. MacDonald and 
Mr. Croninger were among those who 
participated in the discussion, and con- 
siderable reference was made to the 
paper on six-wheel vehicles that was 
delivered at a meeting of the same 
Section in December, 1927, by Mr. 
Lacey. It was revealed that most of 
the material that must be handled in 
connection with the building of the 
Boulder Dam will be hauled on rub- 
ber tires. The conditions under which 
this work must be done will impose 
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severe problems on the manufacturers 
of motor-trucks. 

Carl Voght will be sponsor for the 
March meeting of the Section, which 
probably will be held at the Univer- 
sity of California. 


Baltimore Discusses’ Free- 


Wheeling 


7 HE January meeting of the Balti- 
more Section, which was held at 
Lord Baltimore Hotel on Jan. 21, will 
be recorded in the minds of many as 
being one of the most interesting of 
the current season from the standpoint 
of the discussion resulting from a talk 
on free-wheeling in automobiles. After 
a substantial dinner of the usual deli- 
eacies had been deposited safely, 98 
Section members and guests, including 
several local automobile dealers who 
attended as representatives of the 
Automobile Trade Association of Mary- 
land, directed eyes and ears to a de- 
lightful entertainment of singing and 
dancing, a program arranged under 
the direction of A. Bruce Boehm of the 
Reception Committee. 

W. W. Smith, service engineer of the 
Studebaker Corp. of America, spoke on 
the most popular topic in automobile- 
dom at the present time, Free-Wheel- 
ing. Its various phases of construction 
and operation, which allow a car to 
coast whenever its momentum tends to 
make it travel at a higher speed than 
that corresponding to the engine speed, 
were outlined, and he particularly 
pointed out competent parts of the free- 
wheeling unit by showing a series of 
lantern slides. 


Service Engineer Describes Device 


In his talk Mr. Smith said, “The 
Studebaker free-wheel transmission is 
of conventional design except for the 
use of helical gears and the free-wheel 
device that is located as a shifting mem- 
ber between the high and intermediate 
gears. Low and reverse gears are of 
conventional spur-gear design and two 
pairs of quiet helical gears are always 
in mesh.” - One pair of these last- 
mentioned gears is located at the for- 
ward end of the transmission and 
drives the countershaft. The other 
pair gives the second-speed reduction 
to the main splined-shaft. The second- 
speed main-shaft gear runs freely on 
its shaft as opposed to the usual con- 
struction of having this gear splined 
to the shaft. 

“The free-wheeling unit,” continued 
Mr. Smith, “consists of an inner cam- 
member splined to the main driven- 
shaft and free to be moved forward or 
back into high or intermediate-gear 
positions. This cam-member supports 
an outer shell or sleeve having internal 
teeth at each end arranged to engage 
corresponding toothed-clutch members 
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on the forward pinion-gear or the rear 
second-speed gear. Interposed between 
the inner cam-member and this outer 
shell are 12 rollers, arranged in three 
groups of 4 each, which are held in 
contact with both members under a 
light spring-tension. This combination 
of inner and outer members and rollers 
is arranged so that driving torque will 
be transmitted from the outer member 
to the inner only in the driving direc- 
tion. When the free-wheel unit is 
shifted forward so that the outer mem- 
ber only is in clutched engagement 
with the main driving-gear, the driving 





torque is transmitted through the roller 
clutch to the main driven-shaft and 
thus to the rear axle, giving high gear. 
Likewise, when the unit is shifted rear- 
ward until the outer member is in 
clutched engagement with the second- 
speed gear, a one-way second-gear con- 
nection is obtained.” 

Secretary Bavett announced that 
ballots for the election of a committee 
whose task will be to nominate candi- 
dates for Section officers for the next 
administrative year had been for- 
warded to all members. These commit- 
teemen will be elected next month. 


Metal-Airplane Construction 


Frank Smith Outlines Development and Discusses 
Advantages Before Wichita Section 


HE Wichita Section’s first meeting 

for 1931 was held at the Green 
Parrot Inn, Jan. 12. After the min- 
utes of the previous meeting were 
read, the meeting, which was attended 
by 30 members and guests, was turned 
over to Frank Smith, vice-president 
and general manager of the Buckley 
Aircraft Co., who gave his paper on 
Metal-Airplane Construction. This 
organization has recently completed 
and test flown its first airplane which 
is all metal but the tires and which 
shows considerable promise for air- 
planes fabricated out of metal. Roy 
Buckley, president of the company, 
and Mr. L’Amoreaux of the Stout En- 
gineering Laboratories of Detroit were 
honored guests. 

The early stages of development of 
metal aircraft were outlined in the 
paper, showing how the same type of 
grit that made airplane flight a _ pos- 
sibility made metal construction an 
actuality in place of a dream. Through 
lessons learned in building a Navy all- 
metal airplane, a large tri-motored 
transport machine now so common to 
all was evolved. 

Mr. Smith pointed out how impera- 
tive metal construction is from stand- 
points of fire resistance, lessened cost 
of maintenance, resistance to climatic 
conditions and last but not least the 
variety of skilled labor required will 
be less due to the similarity of con- 
struction throughout the _ airplane. 
Sheet-metal workers are used in the 
main. 

The one drawback to metal construc- 
tion at present is the inability to work 
out stress analysis by simple me- 
chanics as can now be utilized by the 
conventional steel-tube or wooden struc- 
tures. This makes an elaborate and 
costly static-test necessary to obtain 
approved-type certificates. 

One advantage mentioned was that 
ice will not form as readily on dura- 
lumin as it will on steel and especial- 


ly when the duralumin has _ been 
anodized. The strength-weight ratio of 
this material is a point in its favor. 

Rivets should be bought in the 17 
SO condition and heat-treated just be- 
fore using. The lack of knowledge in 
riveting practice has been the cause of 
much worry and while the author’s ex- 
planation of some of the cures were 
found extremely beneficial, more study 
of this type of material is warranted. 
Duralumin rivets should not be used 
with aluminum due to the galvanic 
reaction between the various alloying 
elements in the rivet and the aluminum. 
The presence of these elements in the 
duralumin is one reason why it cor- 
rodes more rapidly than aluminum, 
but with proper protective coatings this 
can be overcome when sheet duralumin 
is used but cannot be overcome when 
duralumin rivets are used with alumi- 
num sheets. 

The cost of jigs and dies for metal 
construction, contrary to public opin- 
ion, is less than for conventional steel 
and wooden ships. Corrugated and 
plain sheet each have a definite place 
in metal-airplane construction. The 
former, being stiffer, is advantageous 
for wing construction and, therefore, 
eliminates internal drag-bracing. In 
fuselage construction the smooth skin 
has been found very satisfactory in 
that it can be wrapped more closely 
than the corrugated metal. 

The discussion that followed the pa- 
per was the best the local Section has 
ever enjoyed and showed plainly that 
the paper contained data which were 
of interest to all. At times the train 
of thought wavered a bit but under 
the steadying hand of Mac Short the 
discussers were led toward questions 
on the paper. 

Mr. Truax, of the Forest Products 
Laboratory at Madison, Wis., will be 
the speaker at the Feb. 12 meeting. 
His subject will be Gluing of Wood in 
Aircraft Construction. 








NEWS OF SECTION MEETINGS 


Carbureter Progress and Action 


Rich Mixture of Interest and Instruction Fed Southern 
California Section Members 


Soren RN California Section’s 
\)J carbureter meeting, held in Los 
Angeles at the Alexandria Hotel ball- 
room, Jan. 9, resulted in a rich mixture 
of interest and instruction. More than 
100 members turned out to listen to a 
program of well-informed speakers. 
During dinner the assemblage was en- 
tertained with lively airs rendered by 
a rhythmic orchestra. A number of lead- 
ers in the automotive industry, includ- 
ing the famous Frank Elliott, who lent 
a racy touch to the occasion, attended. 

Chairman F. C. Patton opened the 
session with an announcement of the 
next regular meeting, which will deal 
with the subject of fire-engines. Sev- 
eral prominent authorities are sched- 
uled to divulge the engineering side of 
blaze-battling apparatus. The Section’s 
annual winter dance was also an- 
nounced, the time and place being 
March 7 at the Alexandria. 

O. H. Ensign, president of the car- 
bureter company that bears his name, 
offered a very complete treatise on the 
delivery and effect of internal-combus- 
tion-engine fuel. He began with his 
earliest experience in this field—a rail- 
road speeder, which he operated back 
in the eighties. In a comprehensive 
manner, Mr. Ensign built up carbure- 
tion development from the old days to 
the present. He backed up his conten- 
tions with curve charts of actual tests, 
which were thrown on the screen. As 
an indication of the extensive work 
still going on in the fuel-delivery field, 
the speaker mentioned that at present 
18,000 carbureter patents have been 
granted. He considered such intensive 
activity as proof that continued im- 
provement may be expected in this 
particular branch of automotive engi- 
neering. 

Next, a dissertation on the action 
of gasoline in carbureters was deliv- 
ered by W. I. Gieseke, of the Bendix- 
Stromberg Carbureter Co., who illus- 
trated his remarks with a series of 
charts. He began with an elementary 
illustration of his subject, using the 
combination of air and fluid being 
drawn from a glass through a syphon 
straw. From this simple example, he 
led his listeners through the various 


stages of carburetion up to the present 
more complicated but highly efficient 
mixture devices. 

Frank Doering, of the Doering Gas- 
ing Eliminater Co., gave a brief out- 
line of his attachment designed for mo- 
torcoaches. The device, as he explained, 
protects passengers from unpleasant 
gas attacks by neutralizing the car- 
bureter so that at idle speeds only pure 
air flows through the engine. 

The meeting was then thrown open 
to general talk on the subject at hand. 
E. Favary, of the Moreland Motor 
Truck Co., reminisced interestingly on 
the ups and downs of carbureter exper- 
imentation 25 years ago. 

L. M. Griffith, mechanical engineer 
at the R. K. O. studios, Hollywood, 
challenged Mr. Ensign on some phases 
of the latter’s lecture. A lively discus- 
sion on the load-speed-gear question en- 
sued, and many members were drawn 
into the argument before the matter 
was thoroughly threshed out. 

In defense of fuel manufacturers, H. 
T. Ramsey, of the Standard Oil, Co. of 
California, took the floor to remind the 
members that chemists and engineers 
are working constantly with engine 
manufacturers in an endeavor to com- 
bine the elements of quick starting, ac- 
celeration, power and economy into a 
perfectly balanced gasoline. 


A Cold Night for a Cooling 
Subject 


IGHTY-TWO members of the Buf- 

4 falo Section braved the storm and 
an approximately zero temperature on 
the evening of Jan. 21 to hear W. R. 
Ramsaur present his paper on Oil 
Cooling and Oil Coolers. Those who 
attended the meeting, which was held 
at the Hotel Statler, were well repaid, 
as the author was thoroughly compe- 
tent to discuss the subject. After being 
graduated from the Massachusetts 
Institute of Technology he worked on 
oil cooling for 2% years at the General 
Motors Corp. Research Laboratories, 
where he studied the fundamentals of 
oil cooling. Later he was transferred 
to the Harrison Radiator Corp. where 
he made a further study of the sub- 
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ject. The paper, which is the same as 
the one Mr. Ramsaur presented at the 
Annual Meeting of the Society at De- 
troit on the preceding day, is tenta- 
tively scheduled for publication in the 
April issue of the S.A.E. JOURNAL and 
only a brief outline is presented here- 
with. 

After stating that the increases in 
horsepower, compression pressure and 
engine speed, which have occurred in 
the last five years, have imposed addi- 
tional duties on the lubrication sys- 
tem, the author stresses the point that 
the most serious of the troubles result- 
ing from the use of oil temperatures 
exceeding 300 deg. fahr. on the road 
is bearing failure. To reduce this 





AN OIL-COOLER FOR AVIATION USE 
HAVING 614 TUBES 
This Unit, of the Air-Cooled Type, Is of the 


Same General Character as Those Used in 
the Tests Described in the Paper 


temperature to a figure of between 210 
and 230 deg. fahr. heat must be dis- 
sipated from the oil at a rate in excess 
of 250 B.t.u. per min. or a_ heat 
equivalent of approximately 6 hp. 

At present two types, one using air 
and the other water as the cooling 
medium, are available. The former is 
extensively employed in connection with 
air-cooled engines, particularly on air- 
planes, but the latter is in more general 
use on automobiles. After listing the 
six requirements of a satisfactory oil- 
temperature control unit, the author 
describes a number of tests that were 
made to determine the relative effective- 
ness of the two types of cooler as re- 
gards the dissipation of heat in the 
oil. Lantern slides of charts giving the 
results of the various tests and the 
different types of cooler supplemented 
the presentation of the paper. 

































































EFERRING to discussion, printed in the §.A.E. 

JOURNAL for September, 1930, p. 305, on Alex 

Taub’s Semi-Annual Meeting paper entitled, 

Powerplant Economics, F. Strickland, of Boynton Hall, 

Bridlington, England, a Foreign Member, recently 
wrote to the Society as follows: 


I beg to differ from several of the speakers, nota- 
bly Mr. Maynard, on two essential points. He and 
others take for granted, first, that the high-speed 
engine is necessarily lighter than the moderate- 
speed one; and, secondly, that it is more economical 
of fuel. 

I disagree on both points. When the cylinders 
are reduced to very small dimensions and the revolu- 
tions are raised excessively to get the horsepower, 
the inertia forces become very great. In order to 
take care of these, the crankshaft, crankcase and 
bearings are made very large. By the time these 
have been made large enough to make the engine 
stand up to its work, it is usually heavier than an 
engine of more moderate speed. 

I have been conversant with the automobile trade 
for 30 years but I see no drastic decrease in weight 
per horsepower, in spite of the fact that far better 
materials are available than formerly. Twenty- 
five years ago it was possible to obtain cars that 
weighed, with body and all, well under 3300 lb. 
with from 80 to 100 b-hp. and capable of speeds of 
over 80 m.p.h. With modern materials, these powers 
and speeds could be greatly exceeded with the mod- 
erate-speed engine, but the high-speed engine does 
not often equal them, and 80 hp. is a very high 
horsepower for a car of this weight now. 

We have again an excellent example in the model- 
A Ford. This is made in England with 3-in. cylin- 
ders as a fairly high-speed engine, and the crank- 
shaft and other parts are even then on the small 
side for cylinders of this size run at high speed. 
Yet the same crankcase, crankshaft and so on are 


Our Limitations 


\ JE ENGINEERS, it seems, have been interested in 

our limitations and our latent possibilities. Until re- 
cently we have not cared much about the matter. Our 
jobs were interesting, and we got a big kick out of making 
nature do our bidding. Then-suddenly we awoke to the 
fact that 


what we’d been constructing was not merely 
a lot of skyscrapers, subways, automobiles, radios and 
airplanes, but a brand new sort of civilization. What’s 


more, while we had been all absorbed in perfecting the 
parts, a lot of bankers, lawyers and politicians had been 
trying to run this new civilization and hadn’t made a very 
good job of it. So we began to rub our eyes and inquire, 
Why can’t we run the show ourselves? Then we elected 
an engineer President, and everyone settled back in com- 
fort, saying that the old economic laws had been adjourned, 
that we had entered into a new economic era and would 
all go on being inordinately prosperous for ever and ever. 
But it’s no use blaming our hangover on the President; he 
was just the unlucky goat. The engineer can have his due. 


Questions High-Speed-Engine Superiority 
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ample for the American Ford with 3%-in. cylinders 
developing somewhat greater brake horsepower at 
much lower revolutions. Obviously, both the en- 
gine and car of the moderate-speed type are the 
lightest per brake horsepower. 

As to economy on the road, we had in 1905 and 
1906 two races in which the sole limits for the en- 
gine were fuel consumption. The only problem as 
regards the engine was to get the greatest power 
from a given consumption. In all cases the big- 
cylinder slow-running engines won, and the small- 
cylinder high-speed engines lost. In recent races 
in France the same thing has happened, and the 
4000-r.p.m. engines have been quite dropped when 
fuel was measured. 

In 1911 a Rolls-Royce with six 4% x 4%4-in. 
cylinders went from London to Edinborough and 
back entirely on top gear carrying a load of 1550 
lb. on the chassis and averaged 24.32 miles per 
English gallon (about 20.3 miles per American 
gallon). Without alteration, it did 78.26 m.p.h. 
on Brooklands track. The gear ratio was 2.9:1 and 
the wheels 35 in. in diameter, so it was a very mod- 
erate-speed engine. Several cars with high-speed 
engines have tried to equal this record and several 
have done the distance on top gear all right, but the 
fuel consumption in proportion to the load carried 
has been far greater. 

To beat this combined record of top-gear econ- 
omy and speed performance would be an advertise- 
ment worth many thousands of pounds, but no car 
with a high-speed engine has so far approached it, 
although they have the advantage of 21 years’ ex- 
perience of carbureters, ignition, materials and so 
on. Practically all the really high-price cars here 
have back-axle ratios of 3 to 344:1, which is a 
fairly practical recognition of the advantages of 
the moderate-speed engine. The moderate-price 
cars are governed entirely by the necessity for keep- 
ing the tax low. 


and Possibilities 


either in public life or in industry, any time he can make 
good his claim to leadership. 

What we want to know is, Are the qualities which in the 
past have made the engineer successful in mastering nature 
inconsistent with the qualities which would enable him to 
master men? Must we choose between the two? Is great 
constructive ability inconsistent with human leadership? 

The engineer of the last century was usually a pioneer 
of civilization. He had to pierce the wilderness, to wrestle 
with nature in the rough. He was a builder, who came, 
surveyed, planned, built, then went his way—a rugged fig 
ure, self-reliant, independent to a fault, usually self-made 
and an individualist to the core. He was not a man of 
words, his works could speak for themselves. That era has 
gone. The wilderness has been domesticated. Our popu- 
lation lives in cities. Three-quarters of our people live by 
industry, commerce and service, rather than by agriculture. 
The things that concern engineers have to do with organ- 

(Concluded on page 287) 








Council Accepts Four New Sections 


WO SESSIONS of the 1930 and one 

of the 1931 Council were held dur- 
ing the Annual Meeting. Most of the 
business transacted was of a routine 
nature, but a notable step was taken 
in approving the applications of the 
Oregon, Pittsburgh, Syracuse and 
Wichita Sections for recognition as 
regular Sections of the Society. 

Reports of the Standards Committee, 
as recommended at the meeting of that 
Committee on Monday morning, Jan- 
uary 19, were gone over by the 1930 
Council at a meeting held the same 
day. All the reports were approved as 
submitted excepting that of the Ball 
and Roller-Bearings Division. The 
ball-bearing lock-nuts and washers as 
recommended by this Division were ap- 
proved as Recommended Practice up to 
and including size No. 14. The larger 
sizes were held in abeyance pending 
better agreement on the pitch of the 
thread. 

Another meeting of the 1930 Council 
was held under the chairmanship of 


President Edward P. Warner on Fri- 
day, January 23, to finish the items 
pending at the close of its administra- 
tive year. The financial statement of 
the Society as of December 31, 1930, 
showed a balance of assets over liabil- 
ities of $242,824.57, this being $2,717.20 
less than the corresponding figure at 
the end of 1929. Gross income of the 
Society for the first three months of 
the fiscal year beginning October 1, 
1930, amounted to $87,303.42, whitaghe 
operating expense was $86,086.06. 

Applications from the Oregon, Pitts- 
burgh, Syracuse and Wichita Sections 
for official recognition as Sections of 
the Society were received; and all four 
of these, which have up to now been 
probationary Sections, were formally 
accepted as regular Sections of the 
Society. 

The schedule of coming meetings was 
reported upon and discussed, and pend- 
ing items of membership business were 
acted upon. 

Immediately after the formal ad- 


journment of the last meeting of the 
1930 Council on Friday, President Vin- 
cent Bendix called a meeting of the 
1931 Council. President Bendix an- 
nounced his appointments on the vari- 
ous administrative committees for the 
year, and a complete list of all com- 
mittees of the Society for the ensuing 
year was received by the Council. These 
are printed on pp. 269 to 272. 

F. K. Glynn, who is vice-president 
representing Transportation and Main- 
tenance Engineering for 1931, pre- 
sented his resignation from his office as 
councilor for 1931-1932. Accordingly, 
the Council unanimously selected L. 
Clayton Hill to fill the vacancy for the 
year. 

At the suggestion of the Meetings 
Committee, the Council approved a plan 
to hold a National Production Meeting 
in Milwaukee in cooperation with the 
Milwaukee Section, and made available 
an appropriation in connection with it. 


It is expected that this meeting will be 
held in April. 


President Hoover Speaks 


I AM INFORMED that if I were 
speaking to every person whose live- 
lihood is directly or indirectly depend- 
ent upon the industry I should be 
speaking to one person in every ten of 
the people of our Country. 

Therefore, the prosperity of the in- 
dustry is in the anxious thoughts of 
the Nation and everybody wishes you 
well in your plans to expand the man- 
ufacture and use of your product, 

The despondency of some people over 
the future is not borne out by the 
statistical evidence or prospects in re- 
spect to the automobile industry. I 
am informed by the Department of 
Commerce that despite the depression 


you have manufactured and sold during © 


this year, 1930, over 3,500,000 new 
automobiles. You have also disposed 
of the large inventories of a year ago. 

Hundreds of miles of new roads are 
being constructed every day in the 
world and these increasing miles must 


S EVEN National organizations, in- 
‘J cluding the Society of Automotive 
Engineers, will unite in holding a Com- 
memorative Aeronautic Meeting on 
Feb. 25, starting at 8 p.m., in the En- 
gineering Societies Building, New York 
City. This meeting has been arranged 


be equipped with more automobiles. 

I am informed, also, that the con- 
sumption of gasoline during the last 
year shows an increase of five per cent 
over even the highly optimistic year of 
1929, 

This certainly means that we have 
been cheerful in the use of our auto- 
mobiles. I do not assume they are 
being used for transportation to the 
poorhouse. 

While I am aware that many people 
are using the old automobile a little 
longer, it is obvious that they are still 
using it and that it is being worn 
out. 

Altogether, the future for the indus- 
try does not warrant any despondency. 

No one needs to recall the utility and 
importance of the automobile in our 
national life. I have often wondered, 
however, ‘{ part of its popularity was 
not due to the exhilarating sense of 
power that we all inhale through the 


to commemorate the lives and work of 
three men who have made outstanding 
contributions to the art and science of 
aeronautics. These men are Glenn H. 
Curtiss, Chance M. Vought and Daniel 
Guggenheim. 

The organizations joining with the 
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mastery over time and space we gain 
from it. 

It brings a sense of freedom that 
makes our spirits rise even though it 
sometimes invites for some people the 
depressing ministrations of a motor- 
cycle policeman. 

I wish you success in your meeting 
and in the organization plans which 
you put forward for the New Year. 
Every automobile and truck which you 
make and sell adds to employment in 
a hundred different trades. 

Yours is indeed a great and vital in- 
dustry, the success of which is im- 
portant to every one of us. I sincerely 
wish you a prosperous New Year. 

(Address delivered by President 
Hoover, by telephone from Washing- 
ton, to executives of the automotive 
industry assembled at the Annual] Ban- 
quet of the National Automobile Cham- 
ber of Commerce, in New York City, 
Jan. 6, 1931.) 


Commemorative Aeronautic Meeting 


S.A.E. in this meeting are the Aero- 
nautical Chamber of Commerce of 
America, the National Aeronautic As- 
sociation, the American Institute of 
Electrical Engineers, the American In- 
stitute of Mining & Metallurgical En- 
(Concluded on p. 286) 
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SET ASIDE 
THESE DATES! 


APRIL 15 and 16 


| 19th NATIONAL AERONAUTIC 
MEETING 


Book-CadiIlac Hotel, Detroit 


rr 


JUNE 15 to 19 


THE SUMMER MEETING 
White Sulphur Springs, W. Va. 


L Py 
Personal Notes of the Members 


Mead Vice-President of United 
Aircraft & Transport Corp. 


After having served for five years 
as vice-president of the Pratt & Whit- 
ney Aircraft Co., of Hartford, Conn., 
George J. Mead has been elected vice- 
president of the United Aircraft & 
Transport Corp. It is stated that he 
will have charge of this corporation’s 
newly organized experimental and re- 
search division and that his head- 
quarters will be at the company offices 
at East Hartford. 

Mr. Mead was born at Everett, 
Mass., in 1891 and studied mechanical 
engineering at the Massachusetts Insti- 
tute of Technology from 1911 to 1915. 
Subsequently he became connected with 
the Simplex Automobile Co., of New 
3runswick, N. J., doing experimental 
work on aviation engines. In 1917 he 
was appointed experimental engineer 
with the Wright-Martin Aircraft Corp., 
of the same city, and in 1919 engi- 
neer in charge of the powerplants labo- 
ratory of the United States Army Air 
Service at McCook Field, Dayton, Ohio. 

Soon after the Wright Aeronautical 
Corp. was organized in 1920, Mr. Mead 
was made chief engineer of that corpo- 
ration, his work including the develop- 
ment of the Wright E-4, T-3 and J 
engines. He joined F. B. Rentschler 
in organizing the Pratt & Whitney 
Aircraft Co. in 1925, and recently was 
promoted from his original post of vice- 
president to the position of chairman 
of the executive committee, which he 
still retains. His extensive contribu- 
tion to the development of the radial 
air-cooled aeronautic engine is widely 
recognized. 

In 1917 Mr. Mead joined the Society 
as a Junior Member, and attained 
Member grade in 1920. His active in- 
terest in the Society’s work is indicated 
by his service on numerous committees, 
as follows: 1921, 1925, 1926 and 1928, 
member of, and 1922 and 1923 vice- 
chairman of the Aeronautic Division of 
the Standards Committee; 1927, House 
Committee; 1928 and 1929, Aeronautic 
Safety Committee and Sections Com- 
mittee; 1929, Aircraft Engineering Divi- 
sion of the Standards Committee, Fuels 
Subcommittee of Research Committee; 
1930, Aircraft-Engine Committee. 

Papers contributed by Mr. Mead to 
the Society, as author or co-author, 
have been published as follows: 

The Requirements of Aeronautic 
Powerplant Development; THE JoOuR- 
NAL, July, 1921, p. 23, and TRANSAC- 
TIONS, vol. 16, part 2, p. 520. 

Airplane-Engine Designing for Reli- 
ability; THE JOURNAL, March, 1924, p. 
277, and TRANSACTIONS, vol. 19, part 1, 
p. 695. 


Some Aspects of Aircraft-Engine 
Development, THE JOURNAL, November, 
1925, p. 496, and TRANSACTIONS, vol. 
20, part 2, p. 809. 

The Wasp and Hornet Radial Air- 
Cooled Aeronautic Engines; THE 
JOURNAL, December, 1926, p. 609, and 
TRANSACTIONS, vol. 21, part 2, p. 867. 

The Development of Fixed Radial 
Air-Cooled Engines; S.A.E. JOURNAL, 





GEORGE J. MEAD 


August, 1929, p. 110, and TRANSAC- 
TIONS, vol. 24, part 2, p. 418. 

Maintenance of Air-Cooled Engines, 
presented at Metropolitan Section meet- 
ing, April, 1929, reported in S.A.E. 
JOURNAL, May, 1929, p. 543. 

In-Line Liquid-Cooled versus Air- 
Cooled Engines, S.A.E. JOURNAL, Au- 
gust, 1930, p. 143. 


Bigelow Succeeds Black 


Announcement has been made that 
Archibald Black has resigned as presi- 
dent of Black & Bigelow, Inc., air- 
transport engineers of New York City, 
and been succeeded by A. A. Bigelow, 
formerly vice-president. Mr. Black’s 
services will, however, continue to be 
available as consulting engineer to the 
corporation. The firm name has been 
changed to A. A. Bigelow & Co., Inc. 

Mr. Black was elected to Member 
grade in the Society in November, 
1917. He was born at Inverness, Scot- 
land, in 1888 and supplemented his 
general education with several courses 
in evening technical schools. After 
coming to New York City he was en- 
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gaged from 1906 to 1912 chiefly in the 
layout, design and _ installation of 
powerplant and sub-station apparatus 
for the New York Edison Co., the In- 
terborough Rapid Transit Co. and the 
New York City Railways Co. Succes- 
sively thereafter he engaged in similar 
work for the Union Metallic Cartridge 
Co., of Bridgeport, Conn., and the De- 
troit Edison Co., until 1916. 

Mr. Black first became interested in 
aeronautics in 1910, and early in 1916 
joined the Curtiss Aeroplane & Motor 
Co., in Buffalo, as engineer draftsman 
on airplane layout work. Late in the 
same year he became connected with 
the staff of the L-W-F Engineering 
Co., of College Point, N. Y., first as 
assistant engineer and later chief engi- 
neer. During the World War he 
served as aeronautic mechanical engi- 
neer in the aircraft division of the Bu- 
reau of Construction and Repair, Navy 
Department, City of Washington; and 
in 1919 and 1920 was in charge of 
aeronautical specifications for the divi- 
sion. 

After the armistice, Mr. Black en- 
gaged in independent aeronautic con- 
sulting engineering in the capital in 
partnership with his brother under the 
firm name of A. & D. R. Black, and 
was one of the founders of the Wash- 
ington Section of the Society. After 
termination of this partnership in 1922, 
he continued his consulting work on 
aircraft and air transportation up to 
1928, when he joined forces with Mr. 
Bigelow, organizing Black & Bigelow, 
Inc., and became president and gen- 
eral manager of the new firm. 

Mr. Black has been active in commit- 
tee work for the Society, having been 
a member of the Aeronautic Division 
of the Standards Committee in 1918 
and 1919 and from 1925 to 1928 in- 
clusive. He was also a member of the 
Sectional Committee on the Aeronautic 
Safety Code in 1928 and 1929. 

Mr. Bigelow was elected to Member 
Grade in the Society in August, 1929, 
at which time he was vice-president of 
Black & Bigelow. Born at Chicago in 
1897, he was graduated from the 
United States Naval Academy at 
Annapolis, Md., in the class of 1917, 
and served in the Navy until 1922, suc- 
cessively as midshipman, ensign and 
lieutenant. For the next three years 
he was engaged in non-technical work 
for the Pacific Mail Steamship Co. and 
the Munson Steamship Lines. His con- 
nection with aeronautics began in 1926, 
when he was employed by the Colonial 
Air Transport, in New York City, as 
traffic manager, his duties including 
the preparation of cost estimates, traffic 
surveys and new routes. In 1927 he 

(Continued on p. 50) 
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Commemorative Aeronautic Meeting 


(Concluded from p. PRS ) 


gineers, the American Society of Civil 
Engineers and the American Society 
of Mechanical Engineers. 

Three addresses are arranged for on 
the program. One is an illustrated 
address on the contributions of Glenn 
Curtiss to aeronautics, by Frank Rus- 
sell, former vice-president of the Cur- 
tiss Aeroplane & Motor Co., and Capt. 
John H. Towers, U. S. N., a former as- 
sociate of Mr. Curtiss. The contribu- 
tions made by Chance M. Vought will 
be reviewed by E. E. Wilson, formerly 
a Commander in the United States 
Navy and aviation aide to the command 
er-in-chief of the Battle Fleet. The im- 
portant and practical encouragement 
given to the promotion of aviation by 
Daniel Guggenheim is to be 
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covered 


in a paper by Admiral H. I. Cone, of 
the United States Shipping Board. 

Col. V. E. Clark is to preside at the 
meeting. Numerous” special guests 
have been invited to attend, including 
relatives and friends of the men in 
whose memory the meeting has been ar- 
eminent aeronautic authori 
ties; the presidents of the several co 
operating officers of the 
Army, the Navy and the Coast Guard, 
and pioneer aviators. 

An exhibition of 


ranged; 


societies; 


men who have recently passed to thei 


rest is to be arranged in the foyer of 


the building at 29 West 
the time of the meeting. 


39th Street at 


models, structures, 
instruments and pictures illustrative of 
the work in aviation done by the three 
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Our Limitations and Possibilities 


(Concluded from p. 282) 





ized society. We are team-workers; we have our permanent 
places in the line and the staff. Most of us are salaried 
employes, and most of us have administrative work to do. 

For an engineer to be able to analyze deeply and design 
skilfully is good, but it is not enough for this age; the 
engineer has to organize men and handle money. To do 
this he must be able to convince, to persuade and, on occa- 
sion, to command. He must not only reckon with stresses 
and elastic limits and microstructures and indexes of hard- 
ness, but with men’s motives and reactions. He must be 
able, on occasions when cold logie will not suffice, to put 
his ideas across by force of personality. This is the differ- 
ence between the 1930 and the 1830 or the 1880 model. 

I have suggested on one or two occasions that it might 
be well to require every student engineer to pass three 
special tests before leaving college; one in swimming, one 
in dancing, and one in speaking. The first would be an 
index of his bodily efficiency and coordination; the second, 
an index of his social graces; and the third, an index of 
his ability to put his ideas across among non-technical men. 
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Our coefficient of practising what we preach out at Case 
seems to be about 67 per cent. We do require swimming 
and speaking, and we are actually considering the dancing. 

Self-consciousness is the great enemy of personal force. 
Remember the times when you have outdone yourself; 
they were the times when you became for the moment ob- 
livious of your existence. Self-obliviousness is a habit that 
one can cultivate—the earlier, the better. No finer service 
can be done to young people in their plastic teens than to 
help them acquire this attitude when under the eye of 
strangers. Dramatics may be a wonderful help to the shy. 
Athletic team-work may do the same. All group activities 
of an expressional sort help to conquer embarrassments 
and build up confidence. There is a lot to engineering ed- 
ucation besides calculus and mechanics. It is just as im- 
portant to provide the spark that will touch off the student’s 
imagination and his spirit of adventure—From remarks 
by President W. E. Wickenden, of the Case School of Ap- 


plied Science, at the Cleveland Section meeting, Dec. 30, 
1930. 





































































































































































































AIRCRAFT 


Sixteenth Annual Report. Published 
by the National Acvisory Committee 
for Aeronautics, City of Washington, 
December, 1930, 66 pp. [A-1] 
Among the important factors that 

have contributed to the progress of 
aeronautics during the last year may 
be mentioned: Consistent advance in 
technical development; greatly  ex- 
tended use of aircraft for passengei 
transportation; the activities of the 
Aeronautics Branch of the Department 
of Commerce in providing improved 
and enlarged facilities in aid of air 
navigation, including radio beacons, 
lighted airways, and intermediate land- 
ing-fields; the activities of the Weather 
Bureau in providing weather-report 
services along airways; retrenchment 
and consolidations within the aircraft 
industry and elimination of surplus or- 
ganizations resultng in a_ sounder 
financial structure for the industry as 
a whole; enactment by Congress of the 
Watres bill to promote air mail and 
passenger carrying; well-organized and 
equipped laboratories for scientific re- 
search; schools for training technical 
personnel and Federal rating of schools 
for training student pilots; and, last 
but not least, the great stabilizing 
factor, the Army and Navy five-year 
aircraft procurement programs. 

The publications of the National 
Advisory Committee for Aeronautics 
are reviewed in these columns from 
time to time. 


Pressure Distribution over a Sym- 
metrical Airfoil Section with Trail- 


ing-Edge Flap. By Eastman N. 
Jacobs and Robert M. Pinkerton. 


Report No. 360. Published by the 


National Advisory Committee for 
Aeronautics, City of Washington, 
1930. [A-1] 


Measurements were made in the va- 
riable-density wind-tunnel of the Na- 
tional Advisory Committee for Aero- 
nautics to determine the distribution of 
pressure over one section of an R.A.F. 
30 (symmetrical) airfoil with trailing- 
edge flaps. To study the effect of 
scale, measurements were made with 
air densities of approximately 1 and 
20 atmospheres. 

Isometric diagrams of pressure dis- 
tribution are given to show the effect 
of change in incidence, flap displace- 
ment and scale upon the distribution. 
Plots of normal force coefficient versus 
angle of attack for different flap dis- 
placements are given to show the effect 
of a displaced flap. Finally, plots are 
given of both the experimental and 
theoretical characteristic coefficients 
versus flap angle, in order to provide 


Notes 








These items, which are prepared by the 
Research Department, give brief descrip- 
tions of technical books and articles on 
automotive subjects. As a general rule, 
no attempt is made to give an exhaustive 
review, the purpose being to indicate what 
of special interest to the automotive in- 
dustry has been published. 
brackets 
following the titles classify the articles 
into the following divisions and subdivi- 
sions: Divisions—A, Aircraft; B, Body; 
C, Chassis Parts; D, Education; E, En- 
gines; F, G, Material; H, 
Miscellaneous; I, Motorboat; J, Motor- 

Motor-Truck; L, 
Tractor, 


The letters and numbers in 


Highways; 


coach; K, Passenger 
Car; M, Subdivisions—1, De- 
sign and Research; 2, Maintenance and 
Service; 3, Miscellaneous; 4, Operation; 
5, Production; 6, Sales. 








a comparison with the theory. The 
conclusion is that for small flap-dis- 
placements the agreement for the pitch- 
ing and hinge moments is such that it 
warrants the use of the theoretical 
parameters. However, the agreement 
for the lift is not as good, particularly 
for the smaller flaps. In an appendix, 
an example is given of the calculation, 
from these parameters, of the load and 
moments on an airfoil with hinged flap. 


Determination of Jet 
Boundary Corrections for Ajrfoil 
Tests in Four Open Wind-Tunnel 
Jets of Different Shapes. By Mont- 
gomery Knight and Thomas A. Har 
ris. Report No. 361. Published by 
the National Advisory Committee 
for Aeronautics, City of Washington, 
1930. [A-1] 
This experimental investigation was 

conducted primarily for the purpose of 
obtaining a method of correcting to 
free-air conditions the results of airfoil 
force tests in four open wind-tunnel 
jets of different shanes. Tests were 
also made to determine whether tke jet 
boundries had any appreciable effect 
on the pitching moments of a complete 
airp'ane model. The investigation was 
conducted in the atmospheric wind- 
tunnel of the Langley Memorial Aero 
nautical Laboratory. 

The method of obtaining the airfoil 
corrections utilized the results of force 
tests made in each jet on three similar 
monoplane airfoil set-ups of different 
sizes. The data from the tests in one 
of the jets, which was circular, were 
extrapolated to the condition of infinite 
air space, and the results were found 
to agree with those obtained by means 
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Experimental 


and eviews 





of Prandtl’s theoretical method of cor- 
rection. On this basis corrections were 
obtained for all the other airfoil tests. 

Satisfactory corrections for the effect 
of the boundaries of the various jets 
were obtained for all the airfoils tested, 
the span of the largest being 0.75 of 
the jet width. The corrections for 
angle of attack were, in general, larger 
than those for drag The boundaries 
had no appreciable effect on the pitch- 
ing moments of either the airfoils or 
the complete airplane model. Increas 
ing turbulence appeared to increase the 
minimum drag and maximum lift and 
to decrease the pitching moment. 


Bending Tests of Metal Monocoque 
Fuselage Construction. By Ralph W. 
Mossman and Russell G. Robinson. 
Technical Note No. 357. [A-1] 


Experiments with a Model Water- 
Tunnel. By Eastman N. Jacobs and 
Ira H. Abbott. Technical Note No. 
358. [A-1] 


A Balanced Diaphragm Type of Maxi- 
mum-Pressure Indicator. By J. A. 
Spanogle and John H. Collins, Jr. 
Technical Note No. 359. [A-1] 
The foregoing Technical Notes were 

issued during November and December, 

1930, by the Nationai Advisory Com- 

mittee for Aeronautics, City of Wash- 

ington. 


Riveted Joints in Thin Plates. By W. 
Hilbes. Translated from Jahrbuch 
1929 der Wissenschaftlichen Gesell- 
schaft fiir Luftfahrt. Technical 
Memorandum No. 590, 15 pp., 9 figs. 

[A-1] 

Mathematical Treatise on the Recovery 
from a Flat Spin. 3y R. Fuchs. 
Translated from Jahrbuch 1929 der 
Wissenschaft'ichen Gesellschaft fiir 
Luftfahrt. Technical Memorandum 
No. 591, 16 pp., 5 figs. [A-1] 


Metal Covering of Airplanes. By J. 
Mathar. Translated from Jahrbuch 
1929 der Wissenschaftlichen Gesell- 
schaft fiir Luftfahrt. Technical 
Memorandum No. 592, 15 pp., 19 figs. 

[A-1] 

Practical Tests with the Auto Control 
Slot. By G. Lachmann. Part I: 
Lecture, Technical Memorandum No. 
593, 20 pp., 20 figs. Part II: Discus- 
sion, Technical Memorandum No. 
594, 30 pp., 36 figs. Translated from 
Zeitschrift fiir Flugtechnik und Mo- 
torluftschiffahrt, Sept. 15, 1930. 

English Airplane Construction. By D. 
Schwencke. Translated from Zeit- 
schrift des Vereines deutscher In- 


genieure, August, 1930. ‘Technical 
Memorandum No. 595, 11 pp., 32 figs. 
[A-1] 
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by selective tests 


BRINELL HARDNESS 
TESTER 
This light weight machine 
gives direct reading of in- 
dentation depth, in addition 
to Brinell readings. Loadings 
up to 11,000 Ibs. transverse 
and compression. 


WAZAU 
TYPE 


BENDING FATIGUE 
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Riveting in Metal Airplane Construction, Part I. By 
Wilhelm Pleines. Translated from Luftfahrtforschung, 
vol. VII, No. 1, April 30, 1930. Technical Memorandum 
No. 596, 42 pp., 35 figs. [A-1] 

Riveting in Metal Airplane Construction, Part Il. By 
Wilhelm Pleines. Translated from Luftfahrtforschung, 


vol. VII, No. 1, April 30, 1930. Technical Memorandum 
No. 597, 50 pp., 23 figs. [A-1] 


Riveting in Metal Airplane Construction, Part III. By 
Wilhelm Pleines. Translated from Luftfahrtforschung, 
vol. VII, No. 1, April 30, 1930. Technical Memorandum 


No. 598, 28 pp., 27 figs. [A-1} 
Riveting in Metal Airplane Construction, Part IV. By 


Wilhelm Pleines. Translated from Luftfahrtforschung, 
vol. VII, No. 1, April 30, 1930. Technical Memorandum 
No. 599, 32 pp., 27 figs. [A-1] 
The foregoing Technical Memoranda were issued during 
November and December, 1930, by the National Advisory 
Committee for Aeronautics, City of Washington. 


Gliders and Gliding. By Lieut. Ralph Stanton Barnaby. 
Published by the Ronald Press Co., New York City, 1930, 
170 pp. Price $3. [A-1] 
This book tells by word and by drawing everything one 

could wish to know about gliders and gliding: their opera- 

tion, design principles and construction features. It is 
organized to give a complete course in gliding, from 
preliminary instruction, primary hops, secondary extended 
glides and maneuvers to soaring, the ultimate goal of the 


| glider fan. Those in a position to safely build their own 


gliders are given the needed details concerning design and 


| construction, with special emphasis on materials and aero- 


dynamic safety. 
Lieutenant Barnaby is head of the specification section 


| of the United States Navy Bureau of Aeronautics, City of 
| Washington. He has been a member of the S.A.E. since 





1917 and is an active member of the Aviation Division of 

the Standards Committee. 

Ice Formation on Aircraft and Its Prevention. By Merit 
Scott. Reprint from The Journal of the Franklin Insti- 
tute, vol. 210, no. 5, November, 1930. [A-1] 
The work reported herein was done in the Department 


| of Physics at Cornell University under the direction of the 


Committee on Aeronautics and was supported by a grant 
from the Daniel Guggenheim Fund for the Promotion of 
Aeronautics. 

The conclusion from this study is that the heat dissipated 
by the airplane engine is sufficient for the prevention of 
ice formation upon the important exposed parts of a mono- 
plane. The heat of the exhaust gases or of vapor, if the 
latter method is used, may be absorbed by ducts integral 
with the leading edges of the wing and tail surfaces and 
distributed by them in an effective manner to the surfaces 


| of these parts. At least in the cases of using the exhaust 


gases, the propeller may also be protected from ice for- 
mation. This can be accomplished by conducting the hot 
gases to the interior of a hollow metallic propeller by a 
sliding valve and allowing it to discharge from exit ports 


| near the propeller tips. 


Marine Aircraft. By P. H. Sumner. Published by Crosby 
Lockwood & Son, London, 1930, 196 pp. Price, 16 shil- 
lings. [A-1] 
Captain Sumner is a well-known authority on aeronautics 

and is the author of several books. His articles, published 

in various British publications, have been reviewed from 
time to time in the S.A.E. JOURNAL. 

The first chapter of the present book, which covers 97 
pages, is an excellent introduction to the flying-boat world. 
It is amply illustrated. The following chapters explain the 
conditions required for the air-borne condition of the boat 
(Continued on next left-hand page) 
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seaplane; displacement, buoyancy, and stability problems; 

materials, and systems of construction and construction 

members. 

All this is followed by a very interesting and useful ap- 
pendix. 

The Attempted Take-Off of the “City of Tacoma” for the 
Trans-Pacific Flight at Kasumigaura, Japan. By Taitiro 
Ogawa. Report No. 63 of the Aeronautical Research In- 
stitute, Tokyo Imperial University, October, 1930, 8 pp., 
4 figs. [A-1] 
The motion and the attitude of the City of Tacoma dur- 

ing the unsuccessful start for the trans-Pacific flight from 

Kasumigaura on Aug. 30, 1930, were measured photogram- 

metrically. 

The fuel was discharged through the emergency valves 
89 sec. after the start, the distance of 1557 meters having 
been run of the total runway of 1900 meters, and the veloc- 
ity of 125 km. per hr. having been attained. With this 
velocity, the “unstick” would have been possible, if the 
lift coefficient of the wing had been over 1.42. As the air- 
plane actually took off the ground in only 0.6 sec. after 
the commencement of the discharge, the lift coefficient 
might well be assumed very close to this value. 

The tail did not rise throughout the failed take-off run 
except the bouncing probably caused by some obstacles on 
the runway. If the center of gravity were situated farther 
forward to raise the tail easier, or if a tail wheel or tail 
carriage, which can be left on the ground, had been adopted, 
the ground friction would have been much reduced and the 
take-off might have been*more possible. 

On the Acoustical Properties of Conical Horns, Part II. By 
Kozi Sato. Report No. 64, of the Aeronautical Research 
Institute, Tokyo Imperial University, November, 1930, 
23 pp. [A-1] 
The sound field due to a conical horn with a simple source 

at its vertex was calculated. If the origin is taken at the 
vertex of the cone and the polar axis on its axis, the velocity 
potential at any point external to the horn is given. The 
kinetic and potential energies have different values in gen- 
eral, but at an infinite distance from the source they become 
equal and are inversely proportional to the square of the 
distance, as in the case of a spherical wave. 

The theory started with the assumption that, on the 
spherical surface containing the opening of the conical 
horn, the motion of air exists in its opening only. 

From the comparison of the results of this theory with 
actual measurements, the author infers the correctness of 
the theory and the applicability of the reciprocal theorem. 


The Airplane. By Frederick Bedell. Published by D. Van 
Nostrand Co., Inc., New York City, 1930, 371 pp. Price, 
$3. [A-1] 
The first 13 chapters of this practical discussion of the 

principles of airplane flight comprise material that has 
appeared in earlier editions, but the material for the last 
five chapters appears for the first time and completes the 
plan of the author to present a well-rounded treatment of 
the airplane, covering the general principles of airplane 
flight in a way that is simple and at the same time reason- 
ably complete and accurate. 

In this edition a. full discussion of the airplane engine 
and its latest developments is included; also an analysis 
of the air propeller, with the description of various types 
of airplane. A comprehensive chapter on airplane instru 
ments shows some of the problems that confront the pilot, 
and a chapter on outstanding problems indicates the present 
line of development of the art of airplane flight. 
Aircraft-Propeller Design. By Fred. E. Weick. Published 

by the McGraw-Hill Book Co., Inc., New York City, 1930, 

294 pp. Price, $4. [A-1] 

The author is aeronautical engineer at the Langley 
(Continued on next left-hand page) 
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Memorial Laboratory of the National Advisory Committee 
for Aeronautics and a member of the S.A.E. He has in- 
corporated in this book his experiences of several years in 
experimenting with and designing propellers. The im- 
portant experimental, theoretical and practical develop- 
ments are considered not only from the point of view of 
propeller performance and efficiency but also directly in 
terms of the effect on airplane performance. The work is 


| amply illustrated with charts and photographs. 
| Comparaison entre les Dirigeables et les Avions. By Max 





Verneuil. Published in Le Génie Civil, Nov. 29, 1930, p. 
538. [A-1] 
Is the public justified in its distrust of lighter-than-air 
craft, brought on by the series of airship catastrophes? 


| Should France continue to maintain its policy of not build- 


ing large airships? Other countries have maintained their 
interest in this type of craft, and Germany has been notably 
successful in creating in the large dirigible a tool well 
adapted to commercial use over long distances. The R-101 


| disaster should not enter seriously into the controversy be- 


tween lighter and heavier-than-air craft, since this ship 
was defective in construction. 

After these preliminary remarks, the author enters into 
the main subject matter of his article, a comparison between 
the airship and the airplane. The following points are 
chosen as the basis of the comparison: regularity and speed 
of the trips, length of trip and amount of useful load, op- 
erating conditions, possibilities for improvement, efficiency 
and costs. 

The author emphasizes in his conclusion the thought that 
partisans of either type should not regard their choice as 
supreme but should work together to perfect regular com- 
mercial utilization of air routes. 


| Uber die Bestimmung von Widerstand und Trimmoment bei 


Gleitenden Wasserfahrzeugen. By P. Schréder. Published 
in Zeitschrift fiir Flugtechnik und Motorluftschiffahrt, 
Nov. 28, 1930, p. 577. [A-1] 

The Hamburg institute for marine research deals in this 
publication with the resistance and trimming moment of 
hydroplanes. Formulas are developed for determining these 
two factors first for hydroplanes, then for such structures 
as are used for pontoons for aircraft, and, finally, for de- 
riving these values for pontoons applied to different aircraft 
from results already obtained for a given case. 

The analytical methods are graphically presented, and 
then examples are worked out in which the methods are 
applied and the results obtained checked by measurements. 
Examples include a hydroplane, a pair of pontoons, the 
effect of varying the gross weight of the aircraft, and the 
effect of wind upon the take-off of seaplanes. 

Die Statische Langsstabilitat der Entenbauart. By Heinrich 
Georg Kiel. Published in Zeitschrift fiir Flugtechnik und 
Motorluftschiffahrt, Dec. 15, 1930, p. 601. [A-1] 
The type of airplane construction in which the horizontal 

control surfaces are forward of the wings instead of at the 

rear is the subject of this article. Several advantages are 
claimed for the less conventional design, such as great total 


| lift for the same wing and tail surface, and greater safety 


from stalling. However, difficulties present themselves in 
securing static stability, and the author proposes in this 
article to investigate specifically static longitudinal stability. 

In the more theoretical section of the article, the deriva- 
tion of formulas affecting stability is traced, wing, hori- 
zontal and tail surfaces being considered separately. The 
conditions that must be satisfied for the securing of sta- 


| bility are set forth and the influence of wing profile on 
| stability investigated. 


Following this exposition of fundamentals, the formulas 
derived are applied in the examination of the characteristics 
of two wing-profiles to judge of their suitability for the 


(Continued on next left-hand page) 
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When is a wheel 


more than a wheel ? 





And the answer is—when it’s a Budd Wheel, with its Budd-Michelin 















Mounting. Then the wheel—in addition to doing its expected duties 
exceptionally well— becomes an added selling point. 

That’s because of the cap nuts in this Budd-Michelin Mounting. These 
nuts make Budd Wheels the easiest wheels in the world to change. Any- 
one who can tighten a nut can change a Budd Wheel easily and quickly. 

And that’s not the only advantage. These nuts hold the wheel away 
from the driving studs, eliminating all wear and play. And they’re self- 
tightening, which makes them safer and more silent. 

Yes, wheels can be just wheels. Or they can be Budd Wheels, wire or 


dise, in which case they become something a salesman can talk about. 


COMPANY 
PHILADELPHIA DETROIT 


» BUDD WHEEL 






















she Aa eae 


CS yFG eee 


= nearer 
eae pie Sab ty 















| 


DROP and UPSET 
FORGINGS 


Backed by 


48 Years’ Experience 


AUTOMOBILE 
TRUCK 


TRACTOR 
AEROPLANE 
MISCELLANEOUS 


Complete Heat Treating and Laboratory 
Facilities 


Capacity 3000 Tons Per Month 


Any Type—Any Size—Up to 500 Lbs. 


UNION SWITCH 
& SIGNAL CO. 


Drop Forge Division 
SWISSVALE, PA. 


S.A.E. JOURNAL 


Notes and Reviews 


Continued 








unconventional construction under discussion. The conclu- 

sion is drawn that profile shape is of overwhelming impor- 

tance in the static stability of the structure, and rules for 
securing such stability are set forth. 

Utilisation des Procédés Loth pour la Navigation Aérienne. 
By A. Verdurand and J. Blanecard. Published in L’Aéro- 
nautique, October, 1930, p. 363. [A-1] 
The two sections comprising this article are respectively 

a critical study and a defense of the Loth methods for guid- 
ing aircraft by the use of Hertzian waves. The basis of the 
treatise is the operation of a small-scale model of the appa- 
ratus now being demonstrated at Vaux-sur-Seine. In sum- 
ming up the arguments presented for and against these 
methods, the editor points out that proponent and opponent 
agree as to the actual functioning of the methods developed, 
but differ in their opinions as to the facility with which 
these phenomena may be adapted to aerial navigation. 

For guiding an aircraft along a chosen route, two revolv- 
ing beacons are provided, one of which emits long signals or 
dashes, and the other short signals or dots, so timed that 
the sending of the dash commences just as the dot is com- 
pleted. The beacons are turned so that their sending axes 
constantly cross on the route that the airplane must fol- 
low. Theoretically, the receiving set on the airplane will 
record a continuous sound, made up of an uninterrupted 
series of dots and dashes, so long as the correct route is 
being followed, but when there is any deviation only dots or 
only dashes will be heard, depending on whether the air- 
plane has strayed to the right or the left of the course. 

The criticisms made are that in operation the signals 
heard are not so simple as the theory indicates, but need ju- 
dicious interpretation; that the range of practical utilization 
of Hertzian waves is limited; and that, even if perfected, 
the Loth system could be applied to only a few major 
routes. 

The apparatus for guiding the airplane in the vicinity 
of the airport includes two circular aerial cables. These, 
according to the critic, themselves constitute a danger. 
Moreover, there are certain zones in which the signals are 
doubtful, the receiving apparatus must be adjusted with 
minute care, and the pilot receives no warning of his close 
approach to the ground until he is too near to be benefited 
by it. 


The Causes of Noise in Aircraft. By A. H. Davis, D.Sc. 
Published in Aircraft Engineering, November, 1930, p. 
273. [A-4] 


The high record for safety, directness and speed of air- 
craft contributes to the increasing popularity of air travel. 
Many persons, however, object to the discomfort caused by 
the noise experienced. 

The principal sources of noise in aircraft are clearly the 
exhaust, the airscrew, and vibration communicated to 
panels of the cabin structure by vibrations set up by the 
engine or, to a less extent, by vibrating stay-wires. Rem- 
edies and palliatives for these are suggested. 

The quieter airplanes in use today differ from the noisier 
ones in the reduced airscrew-speed; more favorable position 
of engines, airscrews and exhausts; or in the provision of 
more substantial cabin walls. So far no individual machine 
seems to incorporate all the chief improvements possible. 


CHASSIS PARTS 
Some Experiments on the Factors Affecting the Motion of 
a Four-Wheeled Vehicle When Some of Its Wheels Are 
Locked. By J. Bradley, B.A., and S. A. Wood, M.Sc. Pub- 
lished by the Institute of Automobile Engineers, London, 
1930, 19 pp. [C-1] 
The points studied and discussed are: weight distribution 
on the wheels; height of center of gravity; moment of in- 
ertia about a vertical axis through the center of gravity; 
and arrangement of brakes. 
(Continued on next left-hand page) 
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Each B. C. A. Bear- 
ing supplied to the 
automotive industry 
has been carefully 
designed to carry 


the required loads 


and speeds’ most 
efficiently. The B. 
C. <A. reputation 


over a long period 
of years for trouble- 
free performance is 
of this 


careful attention by 


the result 


our engineers to cor- 
rect design. 
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The experiments were made on a model. 


The 
given are averages of several observations in good agree- 


results 


ment. It was found that four-wheel brakes give the 
shortest stopping distance, coupled with very little tendency 
for rotation about the center of gravity. When the center 
of gravity is approximately central, front-wheel locking 
exerts a greater retarding force than rear-wheel locking; 
in addition, a straight path is followed with locked front 
wheels, as against an extremely uncertain path with rear 
brakes alone. Any combination of brakes unsymmetrical 
about the center-line of the vehicle leads to deviation from 
the initial direction. These results are ably discussed and 
amply illustrated by mathematical deductions, tables and 
charts. 


Factors Affecting the Behavior of Rubber-Tired Wheels on 
Road Surfaces. By J. Bradley, B.A., and R. F. Allen, 
B.Sc. Published by The Institute of Automobile Engi- 
neers, London, 1930. 22 pp. [C-1] 
The experiments discussed in this paper were undertaken 

to compare the relative slipperiness of road surfaces and 

to determine the factors which are conducive to the skid- 
| ding of vehicles on such surfaces. It should interest alike 
the highway engineer, the tire manufacturer and the vehicle 
designer. 

There are two distinct forms of slipping on road sur- 
faces; the first occurs when brakes of a moving vehicle are 
applied with sufficient force to lock the wheels; the second 
occurs on curves or on steeply cambered surfaces when the 
wheels continue to revolve but slip at right-angles to the 
direction of rolling. 

The surfaces studied were waterbound macadam, tarred 
macadam, wood blocks, asphalt, concrete, mastic asphalt, 
and asphaltic concrete. The experiments were made under 
dry, wet, slightly wet and muddy conditions. 

The authors concluded that experiments made at low 
speeds have very little value in measuring the slipperiness 
of road surfaces. Some of these surfaces show an increase 
of slipperiness with increase of speed. Increase of slipperi- 
ness with speed depends not only on the state of the road 
surface but also on the tire. Badly worn treads and large 
contact areas should be avoided. It is best not to make the 
tread of a tire continuous but to break up the contact area 
into a number of disconnected pieces. Some of the road 
surfaces studied show little or no variation with weather 
conditions, speed or form of tire. 


EDUCATION 


Principles of Engineering Thermodynamics. 
Kiefer and Milton C. Stuart. 
& Sons, Inc., New York City, 1980. 545 pp. Price $4.50. 
This textbook is divided into five parts. Part I considers 

the First Law of Thermodynamics, with particular em- 

phasis on an understanding of the distinctive characteristics 
of the several stored and transient forms of energy and of 
the energy equation as it applies to the innumerable steady- 
| flow machines which are encountered in engineering prac- 
tice. Part II considers the Second Law and the Carnot 
Principle, with emphasis on the availability of energy and 
| the associated physical significance of the entropy function 
| as an index on the unavailability of energy. Part III de- 
scribes the physical properties of the vapors and gases and 
their mixtures. Part IV utilizes the principles and methods 
| of the preceding parts in analyses of motive-power ma- 
chinery and certain power-using apparatus. Part V de- 
velops the general Thermodynamic Equations. A sum- 
marizing article epitomizes the essential features at the end 
of each chapter. 


By Paul J. 
Published by John Wiley 





ENGINES 
Modern High-Speed Ignition. By Frank E. Tenney. Pub- 
lished by the Goodheart-Willcox Co., Inc. Chicago, 1930, 
| 123 pp. [E-1] 


(Continued on next left-hand page) 
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Electric Maintenance 


onNlUMmGlCUT CO 


10 


Minimizes 


Battery cannot be overcharged 


The battery is charged only at 


the correct rate for its state of 
charge. 


Battery will operate longer with- 
out requiring replenishing of elec- 
trolyte. 


Life of battery greatly prolonged. 


Lights can be operated direct 
from generator. 


Loose connections will not cause 
lamp bulbs to burn out. 


Makes most economical generator 
system. 


Any Leece-Neville Voltage 
Regulated Generator can be used 
without battery. 


Lamp life greatly prolonged. 


Motor coaches fitted with Leece- 
Neville voltage regulated genera- 
tors provide passengers with 
satisfactory illumination and safe 
transportation, 


NLY a battery. An insignificant item 
when you consider the total cost of 
your truck. But an all important 

item when you want to start in the morn- 

ing. An all important item if it throws 

you down fifty miles from nowhere with a 

perishable load. 


The only means a battery has of telling you 
of mistreatment is to cost you money in 
delays and in replacement charges. Don’t 
give your batteries the opportunity to “talk 
back.” Meet them more than half way with 
Leece-Neville Voltage Regulation. 


Leece-Neville specializes in truck and coach 
electrical equipment. Consequently our units 
are engineered to eliminate a lot of electric 
maintenance cost and cut down delays in 
transportation. If you have any truck elec- 
trical problems our engineering department 
may be able to help you. We are sincere 
in our desire to cooperate with truck manu- 
facturer and operator to provide more de- 
pendable transportation units. Write us. 
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shim brass held together by me- 
tallic binder. Shims of Laminum 
are solid as a solid shim. Surface 
is smooth as glass. Gauge always 
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Laminum and complete details. 


LAMINATED SHIM Co., INC. 
244-14th St., Long Island City, N. Y. 





Detroit Representative: 405 Curtis Bldg., Detroit, Mich. 
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For the last 10 years the author has been teaching the 
subject of self-starting, lighting and ignition at the Frank- 
lin Union Institute, Boston. The first section of the book is 
devoted to the general subject of automobile ignition and 
the reasons for developing present-day twin and dual 
ignition systems. The second section is devoted to full and 
complete operating instructions for every make, model and 
type of synchrorizing tool, breaker gage and special syn- 
chronizing apparatus found in general use today. 

Exhaust Ports and Maximum R.P.M. of High-Speed Two- 
Stroke Oil Engines. (Luci di scarico e limiti di giri nei 
motori Diesel veloci a due tempi.) By P. C. Lombardo. 
Published in L’Industria, July 31, 1930, p. 376. [E-1] 
Considerable research upon the Diesel engine, carried out 

in the laboratories of engine manufacturers and National 

research establishments, has brought to light the fact that 
this type of engine is capable of very high speed. A speed 
of from 2000 to 2500 r.p.m. has been obtained from tests. 

The author feels that the two-stroke Diesel engine will 
solve the problem of weight and speed, provided the neces- 
sary perfection is evolved in the lubricating system. 

As a solution of the problem, he gives a tentative method 
of determining the dimensions of the exhaust ports and 
arrives at a formula. Diagrams of the exhaust ports of 
the two-stroke engine of the Clerk type and of the Junker 
engine are discussed in detail. 

The interdependence of the port areas and the revolutions 
per minute and the influence of manufacturers on these are 
duly considered. 

With the cooperation of the manufacturers, the author 
feels that, for the two-stroke Diesel engine, all other con- 
ditions being equal, a theory of doubling the power with the 
same cylinder capacity can be developed. 

The Plating on Radiator Shells. By Oliver P. Watts. Paper 
presented at 58th general meeting of American Electro- 
chemical Society, Detroit, Sept. 25 to 27, 1930. [E-1] 
Since the plating most seen by the public is that on auto- 

mobiles, the author, anxious to contribute to the improve- 

ment of the plating on automobiles, shows exactly what 
results are produced by current methods of plating. 

Photographs of the plating on radiator shells are shown, 
accompanied by a description of the preparation of the steel 
and the details of plating. Heavy electrodeposits on steel 
are prescribed, to insure lasting protection against cor- 
rosion. The proper preparation of the steel surface pre- 
liminary to plating is an important factor. The actual 
thickness of various copper, nickel and chromium deposits 
was determined microscopically. Tests were made for pin- 
holes and cracks in the plates. Finally, samples were im- 
mersed in a 35 gram per liter NaCl solution. Many speci- 
mens were in good condition after 23 days’ immersicn. 

A Simple Method for the Calculation of Natural Frequencies 
of Torsional Vibration. By Frederic P. Porter. Paper 
presented at the annual meeting of the American Society 
of Mechanica! Engineers, New York City, Dec. 1 to 5, 
1930. [E-1] 
The calculation of the torsional-vibration characteristics 

of the shafting of reciprocating-engine installations is gen- 

erally regarded as a laborious undertaking. This paper 
presents a method for calculating the natural frequencies 
of the shafting that is relatively simple in its application 
and yet retains the accuracy of the longer methods. This 
simplification is obtained by the correct choice of the equiva- 
lent system for mathematical treatment and by the use of 
tables and charts. The accuracy of the results has been 
compared with that of the results of other investigators. 

An Investigation of the Effectiveness of Ignition Sparks. 
By Melville F. Peters, Wayne L. Summerville and Merlin 
Davis. Report No. 359. Published by the National Ad- 
visory Committee for Aeronautics, City of Washington, 
1930. [E-1) 

(Continued on next left-hand page) 
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AUTOMOTIVE ENGINEERS 


are giving serious thought to this 





It is conceded, among foremost automotive engineers, that of all the 
phases of development being intensively studied today, none is more 
important than that of scientific spring control under widely varying 
conditions of road and load .. . important because public demand for 
maximum comfort, safety, and economical operation—on all roads, at 
all speeds—is everywhere clearly and definitely indicated. 

The hydraulic double acting principle of shock absorption is accepted, 
but the vital fact that cannot be evaded, if merit alone is the determining 
factor, is that any hydraulic shock absorber, to be permanently effective, 
must be, not only equal to the job, but capable of ready adjustment to 
the varying conditions arising in actual service. 

Houdaille hydraulic double acting Shock Absorbers are continuously 
and permanently effective. . . . And no matter what the transportation 
task may be —from that of heaviest trucks and buses, to finest motor 
cars of every type and size —there’s a Houdaille engineered specifically 
to the job. 

Houdaille performance-records of a quarter century’s growth and 
development with every step in automotive improvement, supply a 


sound basis for engineering judgment and recommendation. 


HOUDAILLE-HERSHEY CORPORATION 


PALMOLIVE BUILDING, CHICAGO, ILLINOIS 
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Cannon Ball Baker established a new trans- 
continental record in a stock model Stutz 
of 60 hours 51 minutes, cutting 6 hours 47 
minutes from the previous New York to Los 
Angeles record. 

A Mechanics Oil Tight Universal Joint 

rendered its usual “out-front” performance 
in this record. 
Mechanics are bathed in Oil . . . Mechanics 
retain the Oil. It’s the ability to retain the 
lubricant that enables them to be “out-front” 
when records are 
broken. 





WESTERN [:= 





Your investigation 
of Mechanics Uni- 
versal Joints .. . 
“Built as only Me- 
chanies can build” 
is solicited. 


“Built as 


only Mechanics 


can build” 


MECHANICS UNIVERSAL JOINT COMPANY 
ROCKFORD, ILL. 





$ Export Representatives Foreign Representatives: 
0 Benjamin Whittaker, Inc., Benjamin Whittaker, Ltd., 
r 114-118 Liberty St., Victoria House, Vernon Place, 


Bldg New York, N. Y 


U 


London, W. C. 1, England 
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The effectiveness of ignition sparks was determined by 
measuring the volume (or mass) of hydrogen and oxygen 
which combines at low pressures. The sparks were gen- 
erated by a magneto and an ignition spark-coil. It was 
found that, with constant energy, the amount of reaction 
increases as the capacitance component of the spark in- 
creases. The use of a series spark-gap may decrease or 
increase the amount of reaction, the effect depending upon 
the amount and the distribution of capacitance in the cir- 
cuit. So far as the work has progressed, it has been found 
that sparks reported by the other investigators as being 
most efficient for igniting lean mixtures cause the largest 
amount of reaction. Differences between the amount of re- 
action with a magneto spark and an ignition spark-coil 
were noted. The method appears to offer a means of de- 
termining the most efficient spark generator for internal- 
combustion engines as well as determining a relation be- 
tween the character of spark, energy and effectiveness in 
igniting inflammable mixtures. 


The Present Position of the High-Speed Heavy-Oil Engine. 
By S. J. Davies and E. Giffen. Published in Engineering, 
Oct. 24, 1920, p. 532. [E-1] 
The engines used in this study are limited to those in 

which the fuel is injected in liquid form into the combustion 

space, and with operating speeds exceeding 800 r.p.m. 

The conclusions were that the heavy-oil engine made pos- 

sible a higher ratio of expansion than the gasoline engine. 

There was a marked saving in the fuel cost, and the heavy 

oil occupies less volume than an equal weight of gasoline. 

The practical elimination of fire risk by the higher flash- 
points of heavy oil and the comparative purity of the ex- 
haust gas are advantages in favor of the heavy-oil engine. 
It also sustains its torque much better than the gasoline 
engine at low speed. 

Twenty-eight different designs were studied and the re- 
sults tabulated. The different types of combustion-cham- 
bers are sketched. Different types of nozzles and pumps 
are illustrated and described. 

The study revealed an extraordinary variety in engine 
designs. It is expected that when standardization sets in 
the number will be greatly reduced. 


Kolben im Kraftfahrzeugbau. By Ernst Mahle. Published 
by Deutsche Motor-Zeitschrift, Dresden, Germany, 17 
pp.; 36 figs. [E-1] 


In this comprehensive review of the present state of 
piston design and construction, the author first outlines the 
functions that the piston must perform and emphasizes 
their difficulty. Piston material, he states, must possess 
three essential properties: light weight; good operating 
characteristics, such as resistance to wear and heat and a 
low coefficient of thermal expansion; and high heat-conduc- 
tivity. He examines the metals most commonly proposed 
for piston material—cast iron, aluminum and magnesium 
as to their ability to meet these requirements and concludes 
that special aluminum alloys are most successful in all 
respects. The increasing proportion of a'uminum-alloy pis- 
tons in both Europe and this Country is cited as a proof of 
this contention. 

Different types of piston construction are next reviewed. 
While cast-iron pistons have been improved considerably 
during the last 10 years, such developments are said to 
be of little importance, since cast-iron pistons are so little 
used. Magnesium pistons are dismissed with a few words, 
as they are reserved for only very special applications. 


Types of aluminum-alloy pistons discussed include the 
normal conventional construction, the split-skirt piston, 


pistons made of alloys with low coefficients of thermal ex- 
pansion, and invar-strut pistons. Reference is made to 
numerous patents that have not been successful com- 
mercially and to other parts and functions closely associated 
(Continued on second left-hand page) 
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CARS GIVE GREATEST SATISFACTION WITH 


AUTOCENTRIC TIE RODS 


Tie rods have always shown a tendency to loosen after some 
wear. The inaccuracy of the steering mechanism resulting from 
this loosening is dangerous. The shimmy and rattle is bothersome. 


All these sources of annoyance are eliminated in the car equipped 
with AUTOCENTRIC tie rods. 


The AUTOCENTRIC can't loosen because the ball is automatically 
concentric. The wedge-shaped, hardened sleeves take up all 
wear, forcing the ball to remain on centre. Furthermore, 90% of 
the ball has bearing coverage, so that whatever wear occurs is 
distributed evenly. The AUTOCENTRIC never gets out of order. 


Investigate today. Simplified construction makes prices attractive. 


CoLUMBUS 


AUTO PARTS COMPANY 
COLUMBUS, OHIO 


Division of The Electric Auto-Lite Company 
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~ALL SEATS: Hardened — cover 


90% of the ball — never change 

position in relation to the ball. 

Seats are cylindrical, not tapered, 
and are interchangeable. 





WEDGES: Hardened —circular— 
straight on the outside— tapered 
on the inside. Outside diameter 
to fit bore of the socket— are 
interchangeable. 





SEATS AND WEDGES ASSEM. 

BLED: The cylindrical ball! seats 

are tilted and fit the taper of the 
inside of the wedges. 





SOCKET ASSEMBLY: Complete 
assembly shows simplicity, com- 
pactness, automatic take-up, 
scientific soundness and absolute 
dependability. 
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ALUMINUM 


SHEET-COILS-CIRCLES 


“Strong But Light 
Pure Silvery White” 


Make It of Aluminum 
And Make It Fairmont 


Aluminum 


UR distributors, CEN- 
TRAL STEEL & 
WIRE COMPANY, with 
warehouses in CHICAGO, 
DETROIT, and DAY- 


TON have augmented 
their regular stock of 
sheet aluminum, coil, 
nae bright flat sheet and grey 
commercial } 
rece plate to the extent that 
sizes and 
tempers. 


they are in position to sup- 
ply practically any specifi- 
cation for immediate 


warehouse shipment. 


““A Minimum of Weight 
with 
Aluminum Plate’’ 


Fairmont 
Aluminum Company 


Fairmont ... . West Virginia 


WAREHOUSE DISTRIBUTORS 


Ducemmun Corporation, Les Angeles, and San Francisco. 
Central Stee! and Wire Co., Chicago. Chas. A. Strelinger Co., Detroit. 
J. M. & L. A. Osborn Ce., Cleveland 
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with piston performance, such as the cylinder, piston rings 
and pins and lubrication. 
Kolbenspiel fiir Fahrzeugmotoren. 


By Ernst Mahle. Pub- 
lished by Das Kraftfahrzeug-Handwerk, Berlin. 6 pp.; 
14 figs. [E-1] 


The simple rules for clearance between two parts, one 
of which runs within the other, cannot be applied in the case 
of cylinders and pistons, the author points out in this article 
on piston clearance, because of the effect of operating tem- 
peratures on both parts. He shows how this factor can be 
provided for, giving, for different types of piston, operating 
temperatures in water-cooled engines, coefficients of thermal 
expansion, the expansion of pistons and cylinders of various 
diameters and, finally, the theoretical tolerance required. 
He applies these theoretical considerations to cast-iron, 
aluminum-alloy, split-skirt and invar-strut pistons, drawing 
conclusions favorable to the last-named. 

Der Cas-Rohélmotor. By Karl Fr. Nagele. Published in 

Automobiltechnische Zeitschrift, Dec. 20, 1930, p. 848. 

[E-1) 

Tre brilliant success of the high-speed, high-compression 
oil engine should not blind the engineer to the merits of 
the low-pressure heavy-fuel powerplant, asserts the author. 
The latter type of engine is said to have for its field of 
usefulness that of stationary powerplant and of tractor pro- 
pu'sion. The necessary characteristics are small size, light 
weigkt and cheapness of manufacture and operation. 

Dismissing with a few words the adaptation of the con- 
ventional carbureter engine for crude-oil use, the author 
turns to the two-stroke cycle as the more promising develop- 
ment. He describes two such engines, one incorporating 
fuel-injection into the crankcase, the other fuel-injection 
into the transfer port, and points out a number of disad- 
vantages which impair their usefulness. Finally, he takes 
up the single-cylinder experimental Cas engine, in which 
fuel is injected directly into the cylinder. Provisions are 
made in this engine for heating the fuel cnarge, atomizing 
it and for furthering combustion through turbulence. Good 
performance, easy regulation, flexibility and the ability to 
burn any type of fuel are among the advantages claimed. 
Aviation Engine Examiner. By Major Victor W. Pagé. Pub- 

lished by the Norman W. Henley Publishing Co., New 

York City, 1930, 448 pp. Price, $3. [E-2] 

The simple and direct language, together with the ques- 
tion and answer method of subject presentation, should 
make this a valuable book to persons desiring elementary 
information concerning modern aviation engines of all types 
and sizes and their accessories. 

For those desiring to qualify for aircraft mechanics, it is 
a systematic course of lessons that may be studied at home 
or at school. Many fine points of engine design and con- 
struction are discussed. The questions of construction and 
repair, engine timing, engine parts, carburetion and fuel 
systems, cooling, lubrication, and ignition systems of vari- 
ous engines are carefully considered. 

The illustrations are numerous and exceptionally clear 
in details. 


Motor-Vehicles and Their Engines. By Fraser and Jones. 
Published by D. Van Nostrand Co., Inc., New York City, 
1930, 411 pp. Price, $3. [E-3] 
The material for this fourth edition was revised by Lee 

A. Dunbar, assisted by E. B. Neil, of the Chilton Class Jour- 

nal Co., and A. C. Woodbury, of the editorial staff of the 

S.A.E. 

The old material has been thoroughly modernized and a 
wealth of new matter descriptive of the many recent me- 
chanical improvements that have been perfected since 1926 
is introduced. 

The generous reception accorded the earlier editions of 
the textbook for automobile schools shows that it has met 
with the approval of teachers and students. 


(Continued on next left-hand page) 
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Aut that most people see of the telephone company 
are a telephone and a few feet of wire. 

But through that telephone you can talk with 
any one of millions of people, all linked together by 
the web of equipment of the Bell System. 

All its efforts are turned constantly to one job 

to give better telephone service to an ever- 
increasing number of people, as cheaply as it 
possibly can. 

The American Telephone and Telegraph Com- 
pany provides the staff work for the Bell System. 
To it the operation of the telephone service is a 
public trust. It pays a reasonable dividend to its 
stockholders and uses all earnings beyond 


that to improve and extend the service. 


There are more than five hundred and fifty 


thousand stockholders, and no one person owns 
so much as one per cent of its stock. 

The Bell System operates through 24 regional 
companies, each one attuned to the needs of its 
particular territory. In addition, the 5000 members 
of the Bell Laboratories staff do the scientific work 
which makes it possible to improve and widen the 
service at least cost to its users. The Western Elec- 
tric Company, which manufactures for the Bell 
System, specializes in the economical production 
of telephone equipment of the highest quality. 

All these facilities are directly available through- 
out the entire Bell System, at any time or place. 

Because of them, every dollar that you 
spend for telephone service brings you constantly 


greater value and convenience. 


* AMERICAN TELEPHONE AND TELEGRAPH COMPANY * 
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Flexible 
Metal Tubing 
For Gas Lines 











Unheeded . . . yet a vital 
contributor to efficient 
transmission of gas, oil or 
air . . . Titeflex all-metal 
hose can be relied upon to 
guard against the common 
evils of faulty handling... 
broken lines . leakage 
... vibration and burned 
out bearings. 





TITEFLEX METAL 
HOSE Co. 


500 Frelinghuysen Ave., 
Newark, N. J. 


Simplified Stampings 
We Can Save You Money 


Have helped many manufacturers 
cut costs by simplifying their 
stamped parts or by replacing small 
castings with stampings. 


On any parts of wire or sheet 
metal—stamped, shaped, soldered, 
riveted or welded we have the men, 
machinery, experience and habit of 
giving unusual service to our cus- 
tomers. 


MMe tee 


Send us samples and blueprints. 
Get our suggestions and prices. 


THE AKRON-SELLE CO. 


“45 Years in Business” 


Akron, Ohio 
i 
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MATERIAL 


Copper Brazing in Hydrogen-Electric Furnaces. By H. M. 
Webber. Paper presented at the 12th annual convention 
of the American Society for Steel Treating, Chicago, 
Sept. 22 to 26, 1930. [G-1] 


In this paper the author discusses the copper-brazing 
process utilizing electric furnaces with hydrogen atmos- 
pheres, as developed and applied by the laboratory and 
An explanation 
is given for the ready flow of molten copper into tight steel 
joints, the statement being made that results obtained with 
the process improve as contact pressures increase. Con- 
siderable strength is obtained, as well as gas tightness, 
because of (a) the ability of copper to wet and flow on 
iron, (b) the available capillary force, (c) the formation of 


| metallic solutions and (d) the tendency toward grain growth 
| across the joints. 


The discussion touches upon effects of the relatively high 
furnace-temperatures required and the effects of the hydro- 
gen atmosphere upon steel. Some applications of the proc- 
ess are cited, followed by references to furnace design and 
apparatus for producing the gases required for furnace 
atmospheres. 


Relation of Structure to Surface Hardness of a Case- 
Hardened Steel. By H. W. McQuaid and O. W. McMullan. 
Paper presented at the 12th annual convention of the 
American Society for Steel Treating, Chicago, Sept. 22 
to 26, 1930. [G-1] 
Hardness specifications are generally intended to result 

in the production on the part being hardened of a surface 
that will give in service the longest life in the most eco- 
nomical manner. The great variation of surface require- 
ments met with in the automotive industry makes very dif- 
ficult the specifying of a certain hardness by any particular 
measuring device with certainty that the hardened surface 
will be the most satisfactory for the use intended. Thus, 
the surface that must be obtained on highly stressed gears, 
bearings and the like, where resistance to abrasion and 
exceedingly high unit-pressures are met with, should be dif- 
ferent than the surface required on a worm or piston-pin, 
where the unit pressures are relatively low and the most 
important requirement is resistance to wear caused by 
sliding friction. On parts such as the automotive worm, 
the surface should be as hard as possible, to resist wear, and 
it is not necessary, as a rule, to give special concern to 
obtaining ductility at the sacrifice of surface hardness. On 
parts that must resist considerable battering, the austenitic 
structure such as is obtained with the Hadfield analysis, 
has been found almost impossible to improve upon. It is 
quite possible in many cases where an extremely high sclero- 
scope or Rockwell reading is specified, that the softer 
austenitic surface, which is file hard, would give much bet- 
ter results in service. At least this is indicated by the 
results obtained with pot-quenched case-hardened alloy 
drive-pinions. 

The authors believe that the maximum amount of excess 
carbides in a case, together with the maximum Rockwell 
and scleroscope hardness, gives the maximum resistance to 
pure abrasive wear, and that this condition is most satis- 
factory for worm and similar surfaces. 


Stresses and Cracks in Hardened and Ground Steel. By 
Gerald R. Brophy. Paper presented at the 12th annual 
convention of the American Society for Steel Treating, 
Chicago, Sept. 22 to 26, 1930. {G-1] 
The work described in this paper deals with stresses in- 

troduced in hard steel surfaces by grinding and the detec- 

tion and classification of these stresses. 
Pickling causes the stressed areas to crack, and acids of 


| different concentrations pick out the high and low stresses. 


The time in the bath is also a measure of stress. Low 
(Continued on next left-hand page) 
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: now necessary to adapt processes and to change 
fH: | products on account of the unchangeable qualities 
= ey ENDURO wwe? in the steel itself. 

= Research has changed all this. Republic now 

Ge offers Enduro in ten grades—a grade to meet 
RF co 8% every need—a grade suitable where corrosion re- 
sistance must be combined with strength and 
toughness—a grade that machines freely—a grade 
suitable for deep drawing—a grade for welded 
fabrication—a grade to withstand oxidation at ex- 
tremely high temperatures, and others to meet 
certain specific requirements. 

Tell us your problems and we will tell you 
what Enduro Nirosta can mean to you in terms 
of better products and better profits. 
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Wante 
Chief Engineer 


Eat exceptional opportunity is of- 

fered to a Chief Engineer with 
an outstanding record in the con- 
struction of automobiles. Working 
knowledge of French and German de- 
sired. Applicants who can qualify as 
to successful past experience are in- 
vited to submit offer as to past per- 
formance, accompl'shments, etc., in 
own handwriting. Also send ref- 
erences and photo. Address: “Chief 
Engineer,’ Société Anonyme Adol- 
phe Saurer, Arbon, Switzerland. 





Blocking and finishing machines in the ring and pinion gear department 
of The Logan Gear Company’s great modern plant 


Specialized Service That 
Proves Its Economy 


BVIOUSLY, the spe flywheel gears and other 

cialized services and gears of all kinds, tubular 
products supplied by this axles and specially en- 
organization to automobile gineered items constantly 
and motor builders must flowing through this plant 
prove economy. That it to manufacturers of cars. 
does so is indicated by the It may pay you to learn 
tremendous volume of lu- how much you, too, can 
bricating and cooling units, save. 


THE LOGAN GEAR COMPANY 
Toledo, Ohio 


Logan Gears 
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stresses require a stronger acid or a longer time in a given 
acid than do high stresses. The influence of heat-treatment 
is also discussed. 

Other papers presented at the A. S. S. T. convention that 
may be of interest to the automotive engineer are: Scaling 
of Steel at Forging Temperatures, by W. E. Jominy and 
D. W. Murphy; Influence of Nickel on the Chromium-Iron- 
Carbon Constitutional Diagram, by V. N. Krivobok and M. 
A. Grossmann; and Corrosion Test for Research and In- 
spection of Alloys, by William R. Huey. 
<ngineering Factors Involved in the Replacement of Metals 

by Synthetic Resins—Phenol-Resinol Molding Technique. 

By Leon V. Quigley. Paper presented at the Fourth Na- 

tional machine-shop-practice meeting of the American 

Society of Mechanical Engineers, Chicago, Sept. 22 to 24, 

1930. [G-1] 

In this paper an effort has been made to show the origin, 
comparative properties and present industrial position of 
phenol-resinol material. This resinoid class of substance, 
which is a product of the research laboratory, has been re- 
garded as a major class among materials of construction. 
It has been ranked with wood, stone and metal, its unusual 
combination of properties adapting it to every field of en- 
gineering. Its thousands of important industrial applica- 
tions create new departments in mechanical shop practice. 
Effort has been made to indicate and to discuss the engi- 
neering factors that govern its adoption in new fields. 
L’Unification Mondiale des Methodes de Discrimination des 

Combustikles Liquides pour Moteurs. By A. Grebel. Pub- 

lished in Le Génie Civil, Dec. 6, 1930, p. 557. [G-1] 

Before any real progress can be made in the world-wide 
economic utilization of petroleum, some systematic stand- 
ardization must be introduced into methods of dealing with 
fuel problems. At present even the names by which differ- 
ent types of fuel are known vary from country to country, 
and much confusion can be traced to this obscure termi- 
nology. With the increase in the different types of 
petroleum field being worked and in the processes of re- 
fining, the finished products become more widely differenti- 
ated from one another. In the present article a plea is 
made for the standardization of tests for determining those 
properties of liquid motor fuels that may serve for identi- 
fication purposes. 

The characteristics which tke author considers must be 
included in any such series of identification tests are gravity, 
volatility, viscosity, flash-point, spontaneous ignition tem- 
perature, specific thermal capacity, iodine index and sulphur 
content. He reviews apparatus developed for determining 
these properties, makes reference to other characteristics and 
vives reasons for not including these in his original list. 
He devotes some space to detonation characteristics, stating 
that no standard metkod has been developed so far and 
emphasizing the difficulty of designing a standard test 
engine. 


Repair of Worn Parts by Electrodeposition of Iron. By T. 
P. Thomas. Paper presented at tke Fourth National 
machine-shop-practice meeting of the American Society of 
Mechanical Engineers, Chicago, Sept. 22 to 24, 1920. 

[G-2]| 
A commercial method is described for salvaging worn or 
undersized steel parts, such as thread and plug gages, 
arbors, reamers, motor shafts and gear centers, by the elec- 
trodeposition of iron. Details of the process have been 
worked out which provide a practicable set of instructions 
for shop use. The high current-efficiency and rate of deposit 
of the warm concentrated sulphate bath will enable the 
plater to complete practically any salvage job in one work- 
ing day. 

Strength of Materials. By S. Timoshenko. Published by 

D. Van Nostrand Co., Inc., New York City. Part I, 368 
(Continued on next left-hand page) 
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N mass production lines—where speed and efficiency count— 
Shakeproof Lock Washers have definitely demonstrated their 
outstanding superiority. Being made in one continuous circle, they 
are tangleproof and spreadproof too! This means easier and quicker 
handling and also prevents lost time and delays in backing off a 
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nut because a washer has spread. 


In scores of industries today, Shakeproof Lock Washers are saving 
manufacturers thousands of dollars on their assembly costs. And, at 
the same time, this positive locking method is making thousands of 
products perform better and last longer. That’s why it will pay you 
to test Shakeproof on your own production line and see for your- 
self how they cut down overhead and reduce customer complaints. 


Send at once for free samples—we will gladly furnish a supply of 
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any type or size desired—write for yours today! 


1,604,122 


28. Lock Washer Company 


pending. 
Foreign patents. 
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2507 North Keeler Avenue, Chicago, Illinois ick" 
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TURN 




















to 
COMM@N - SEN 


FOR SOL 


WINDOW 


Practically all representative concerns have turned to COMMON- 
SENSE Window Regulators because they are undeniably a for- 
ward step in design and simplicity. 


Model 8-197, shown in illustration, is designed particularly for 
use on front doors. Send for sample of this regulator—be con- 
vinced of its superiority, strength and ease of operation. 


Send for the COMMON-SENSE Chart showing mechanical details 
of different types of regulators and communicate with us re- 
garding your window regulator problems. 


ACKERMAN-BLAESSER-FEZZEY, INC. 
1258 Holden Avenue Detroit, Michigan 


Ezport Distributors 
Nolan, McNeil & Co., Inc.. 
109 Broad St 
New York, N. Y. 


Canadian Representatives 


Colonial Traders, Ltd., 
Chatham, Ontario 





FANSTEEL 


best source of supply for 
Contact Points 


1. Nearly 50 tons used s 
annually — more than 
any other kind. 







2. Fansteel refines 
tact metals 
from basic 
materials to 
99.95% purity. 


con- 


3. Fansteel orig- 
inated “end 
grain” metal 
contact points, sawing them from rods instead 
of stamping from sheets. Result: Far better 
wearing surface, no flaking. 


4. Fansteel keeps close laboratory control over 
every step in every process. 


5. Fansteel inspects every contact point at least 4 
times. 


6. Fansteel designs and tests contact points for 
unusual requirements. 


7. Wide range of standard types covering any 


ordinary requirement carried in stock for im- 
mediate delivery. 


2 


FANSTEEL PRODUCTS CO., INC. 
NORTH CHICAGO, ILL. 


Pioneer Makers of Tungsten Contact Points 
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pp. Price, $3.50. Part II, 735 pp. Price, $4.50. [G-3] 
The book was written partly for teaching purposes. It is 
divided into two volumes. The first volume contains prin- 
cipally material which is usually covered in our engineering 


| schools in required courses on strength of materials. The 


more advanced portions of the subjects are of interest 


chiefly to graduate students and research engineers, and 


are incorporated in the second volume of the book. This 


| contains also the new developments of practical importance 


in the fields of strength of materials and theory of elas- 
ticity. 

The contents of the book can be arranged for a course 
which treats the fundamentals of mechanical properties of 
materials and establishes the relation between these prop- 
erties and the working stresses used under various con- 
ditions in design. 

A.S.T.M. Standards. Published by the American Society 
for Testing Materials, Philadelphia, 1930. Price, single 

part in cloth, $7.50; half-leather, $17.00. [G-3] 


This is the 1930 edition of the triennial Book of A.S.T.M. 
Standards. It contains the 430 Standards adopted by the 


| Society and is issued in two parts: Part I, Metals, 1000 pp.; 
Part II, Non-Metals, 1214 pp. 


The chapters concerning steel, iron, alloys, non-ferrous 


| metals, preservative coatings, petroleum products and 


lubricants, rubber products and insulating material should 

be especially interesting to the automotive engineer. 

Sheet Steel and Tin Plate. By R. 'W. Shannon. Published 
by the Chemical Catalog Co., Inc. New York City, 1930, 
285 pp. Price, $5. [G-3] 
The increased use of sheet steel in so many different 

directions has very naturally quickened interest on the part 


| of the consumer in the processes that produce the material 
| and the means distinguishing the different processes. These 
| processes are described by the author in non-technical lan- 


guage, starting with the early history of sheet-steel making 

up through modern processes and finishes. A mass of tech- 

nical data about sheet steel of the highest importance and 
interest and also specific data on how to specify sheet steel 
are incorporated in this book. 

Standards and Specifications for Nonmetallic Minerals and 
Their Products. Published by the United States Depart- 
ment of Commerce, Bureau of Standards, City of Wash- 
ington, 1930. [G-3] 
This volume represents an attempt ‘on the part of the 

Department of Commerce to collect and publish the sub- 


| stance of the standards and specifications relating to non- 
| metallic minerals and manufactures thereof, formulated by 
| the National technical societies, the trade associations hav- 


ing National recognition, or other organizations which 

speak for industry or with the authority of the Federal 

Government as a whole. 

Quenching of Alclad Sheet in Oil. By Horace C. Knerr. 
Paper presented at the meeting of the American Institute 
of Mining and Metallurgical Engineers, Chicago, Sept., 
1930. [G-5) 
The resistance of Alclad sheet to corrosion is much less 


| affected by the quenching medium than is that of duralumin. 


It appears that Alclad sheet can be quenched in a good 
quenching oil, such as is used in the heat-treating of steel, 


| without serious sacrifice of either tensile properties or 


corrosion resistance and with much less distortion as com- 
pared with quenching in cold water. 


MISCELLANEOUS 


Carbon-Monoxide Poisoning in Industry. By May R. 
Mayers, M.D. Published by the Department of Labor, 
State of New York, 1930. {H-4] 
The first part of this bulletin is devoted to a discussion 

of carbon-monoxide poisoning, per se, to lay a foundation 


(Continued on next left-hand page) 
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PLAN FOR RIDING COMFORT WHILE YOUR 
CAR IS ON THE DRAFTING BOARD... 


The science of comfort engineering has 
advanced far beyond the mere perfec- 
tion of shock absorbers. The desired 
ride has its foundation on the drafting 
board of the chassis designer— where 
car length, weight, center of gravity, 


and spring suspension must be well 


engineers prefer to come in while a 
car is still on paper. Their specialized 
knowledge and experience in design- 
ing riding comfort into an automobile 
has helped improve the riding qualities 
of many cars. The co-operation of 


these engineers is always available to 


co-ordinated in order to D e | Cc re) manufacturers who want 


permit proper spring con- 


Duodraulic 


to provide the utmost in 


trol. That is why Delco SHOCK ABSORBERS riding comfort. 


Delco Products Corporation, Dayton, Ohio 
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MAYARI 


Nickel- Chromium 


=e ects 


alwayS measure up to the job 





Mayari Nickel - Chromium 


Steels were quickly recog- 
Steels were the first nickel- nized and led to their use in 
chromium steels used at the great quantities. Today 


time when engineers, faced 
by the demands of motor- 
vehicle builders for stronger, 
tougher steels than were then 
available, began to experi- 
ment with various alloys. 
The sterling qualities of 
Mayari Nickel - Chromium 


Mayari Nickel-Chromium 
Steels, much improved by re- 
finements in manufacture, 
are as outstanding as were 
their predecessors many years 


They 
up to the job. 


ago. always measure 





BETHLEHEM STEEL COMPANY 
General Offices: Bethlehem, Pa. 


New York, Boston, Philadelphia, Baltimore, Washington, 
Pittsburgh, Buffalo, Cleveland, Cincinnati, Detroit, 


District Offices: 
Atlanta, 
St. Louis. 
Pacific Coast Distributor: Pacific Coast Steel Corporation, San Francisco, 
Los Angeles, Seattle, Portland, Honolulu. 


Export Distributor: 
New York City. 


Chicago, 


Bethlehem Steel Export Corporation, 25 Broadway, 


BETHLEHEM 


— 0 er 


BOSSERT 
STAMPINGS 


As in the first days of the Automo- 
bile and Truck, reliable stampings 
with dependable deliveries at com- 


petitive prices. 


The Bossert Corporation 
Main Office and Works: Utica, N. Y. 


BRANCH OFFICES: 


Cleveland, Ohio, 605 Swetland Bldg 
Detroit, Mich., 1122 Book Bldg. 
New York City, 30 Church St. 
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for a consideration, in the latter parts, of the application 
of this information to the practical problems arising in 
those industries in which the presence of this gas consti- 
tutes a health hazard. Part I, therefore, deals with the 
illness as an entity—the physiological changes that occur 
in the body under conditions of exposure to carbon manaxide 
and precisely how these changes occur; the pathological 
changes, as the actual tissue-damage wrought by such ex- 
posure; the symptoms of the individual and the clinical 
picture ke presents to the examining physician; the fac- 
tors underlying the diagnosis of the disease; its clinical 
course and the ultimate outcome. 

Part II discusses the carbon-monoxide hazard in industry, 
considers its sources, the practical problems of industrial 
control and of compensation. The fact that carbon monox- 
ide in industry is combined with other gases and the ex- 
tent to which this would tend to increase the hazards to 
workers are also considered. 

Part III deals with the medical care of workers exposed 
to carbon-monoxide gas. Preventive medical supervision 
is particularly stressed, and the treatment of acute cases 
and their after care are set forth. 

Fundamentals of Machine Polishing. By Robert T. Kent. 
Paper presented at the fourth National mackine-shop- 
practice meeting of the American Society of Mechanical 
Engineers, Chicago, Sept. 22 to 24, 1930. [H-5] 
The success of machine polishing depends upon the cor- 

rect coordination of the variables present in the work itself, 
the polishing wheel, the abrasive, tre machine, and in the 
glue used in setting up the polishing wheel. These variables 
are discussed in detail and their relation to one another 
set forth. Typical polishing machines and examples of suc- 
cessful machine-polishing are described. 

Safety and Its Relation to Production. By James H. 
Maguire. Paper presented at the National Safety Con- 
gress, Pittsburgh, Sept. 29 to Oct. 3, 1930. [H-5] 
The gist of this paper is that safety and efficiency in pro- 

duction go hand in hand. Management must be as fair 
in its conduct of a safety campaign as it would be in a 
production campaign. A safety campaign is not weakened 
by telling the workmen that the benefits are mutual; also 
that safety first does not increase manufacturing cost but 
actually, by improving the morale and establishing the 
peace of mind of the workman, increases profits. 

Other papers presented at tris congress that may be of 
interest to production men are: Foot Injuries, by John B. 
Gilson; Selling Safety to the Man on the Job, by I. L. Gil- 
bert; Hand and Portable Tools, by Arthur H. Gerald; and 
Eye Safety in Industry, by Don M. Campbell, M.D. 


MOTORBOAT 
The Motorboat Section of the Olympia Exhibition. Pub- 
lished in Engineering, Oct. 31, p. 550, and Nov. 7, 1930, 
p. 591. [I-3] 


Automobile manufacturers are finding it increasingly to 
their interest to produce a special model of their stand- 
ard car-engine modified for marine use, thus creating com- 
petition with the older marine-engine manufacturers. The 
extent of this new form of competition was illustrated at 
the recent car exhibition at Olympia, London, where about 
40 per cent of the engines shown in the motorboat section 
bore the names of automobile manufacturers. 

Numerous airless-injection marine units, four- and six- 
cylinder engines, exhibited at the show are described in this 
article. 

At present the motorboat industry offers the most prom- 
ising field for the employment of heavy-oil engines of the 
airless-injection type, as in the past it has offered a secure 
market for hot-bulb engines. 


(Continued on next left-hand page) 
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Economy is 
Engineering 


True economy implies a nice balance 
of cost and quality—it recognizes the 
ideal in an improved product at de- 
creased price—it presupposes superior 
design and production engineering — 

| our economic system requires it. 


The now almost universal use of the 
Rollway solid, cylindrical roller bear- 
ing in the automotive and basic in- 
dustries is notable endorsement of its 
contribution along these lines to 
| present conditions. 





ROLLWAY BEARING 


COMPANY INCORPORATED 
SYRACUSE LD WAY. NEW YORK 
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SPRING MAKERS FOR THREE GENERATIONS 
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WHEN you require cooperation in 

the design or other factors asso- 
ciated with the use of Springs, won’t you 
take advantage of our special engineering 
resources? 


Competent Technicians 
Practical Springmakers 


Sample Spring Dept. 


(Fully Equipped ) 


Testing Laboratories 
(Chemical and Physical ) 


THE WALLACE BARNES CO. 


BRISTOL CONN. 







ASSEMBLIES SCREW MACHINE PARTS 


STAMPINGS SPRING WASHERS COLD ROLLED SPRING STEEL 





















Hardness 
Tests 
Without 


Damage 


In making hardness tests 
with Shore’s Portable 12 
Scleroscope, the inevitable 
permanent deformation is 
microscopic and in no way 
damages the salability of 
the product. 


Used in testing hardest 
or softest metals on 
pieces of any shape, size 
or thickness—capacity for 
1000 tests per hour makes 
Shore’s ew Model D 
Portable Scleroscope prac- 
tical for testing parts in 
production manufactur- 
ing. 


Easily operated, 
portable, efficient. 


Gwo 


\ Send for Bulletin 30 
‘ for details of this hard- 
} mess testing method 
and of the Shore's 
Scleroscope. 









The Shore Instrument & Mfg. Company 
Van Wyck Ave. and Carll St., JAMAICA, N. Y. 


FOREIGN AGENTS: 
for Beitish Empire, Coats Machine Tool Company, Ltd., 14 Palmer 8t., 
estminster, London, 8. W. Yamatake & Co., Tokyo, Japan. Aux Forges de 
Vuleain, Paris, France. R. 8. Stokvis & Zonen, Ltd., Belgium and Holland. 
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PASSENGER CAR 


Engineering Problems of Modern Motor-Cars. By William 
G. Wall. Paper presented at the French Lick meeting of 
the American Society of Mechanical Engineers, French 
Lick, Ind., Oct. 13 to 15, 1930. {L-1] 
The author is of the opinion that the many-cylinder en- 

gine is here and will probably remain, because the greater 
number of cylinders gives much smoother torque. Engi- 
neers are concerned over the slightly increased piston fric- 
tion due to a greater percentage of piston rubbing surface, 
and to the difficulty in the fitting of the large number of 
pistons. 

The speed of all engines is gradually going up, increased 
speed being one of the simplest ways of getting more power 
with the same piston displacement. 

The author believes that more cars with front-wheel 
drive will appear in the near future, but that transmissions 
will revert to the three-speed type or the present four- 
speed transmission without the low speed. 

The use of steel stampings in place of castings for such 
parts as rear-axle housings, front and rear engine-arms, all 
frame members, parts of transmission cases, brake-drums, 
engine oil-pans, valve covers and other pieces of this nature 
is playing a big part in the reduction of costs. Another fac- 
tor in lowering costs is the use of interchangeable parts. 

The biggest problem in the construction of reciprocating 
engines today concerns pistons—making them run quietly, 
keeping the weight down and preventing the oil from get- 
ting into the combustion-chamber. Aluminum pistons and 
experimental work on oil leakage have made great headway. 

Piston-pins formerly were held in the pistons with set- 
screws, but today the practice is either to use a pin clamped 
by the rod and free in the piston or else a floating pin 
which is free to move in both the piston and the connect- 
ing-rod bearing. Experience has taught that bronze bush- 
ings are necessary in cast-iron pistons. Aluminum pistons, 
on the other hand, are quite satisfactory without being 
bushed for the pins. Today, most pistons have considerably 
thicker heads than formerly. 


Piston-rings of innumerable designs have been placed on 
the market. All have some merit, although some are com- 
plicated, consisting of several pieces. The present practice 
is to use plain rings, either cast or hammered, for, if the 
pistons are properly made, almost any ring will hold the 
compression and keep down the oil. 


The purpose of manifold design is to obtain a uniform and 
equal distribution of the gas to all of the cylinders. The 
speed of the gas through the manifold should be constant, 
or there should be a gradual increase of speed from car- 
bureter to valve port. The manifold should slope either 
toward the valves or back to the carbureter so as to obtain 
proper drainage. 


TRACTOR 


An Economic Study of Tractors on New York Farms. By 
C. W. Gilbert. Published by the Cornell University Agri- 
cultural Experimental Station, Ithaca, N. Y., 1929. 

[M-4] 

The author visited 175 farm-tractor owners in four dif- 

ferent farming areas in New York State and obtained de- 

tailed records of the cost of operating tractors on farms 

and their advantages and disadvantages for farm use as 
experienced by farmers who have used them. 


The different kinds of work done with tractors and the 
proportion of time spent in each operation have been listed. 
Plowing and fitting land for planting constitute the larger 
part of all drawbar work, and silo filling, sawing wood and 
threshing constituted the larger part of the belt work. 

Figures representing the average and the annual cost of 
tractor operation are given. The total useful life is esti- 
mated at 8.5 years. 


(Concluded on next left-hand page) 
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In step with today’s trend in automobile 
engine design, AC engineers have perfected 
a smaller spark plug—incorporating all of 
AC’s quality features—introducing a degree of perform- 
ance never before attained. The new 14 mm. AC 
spark plug insures greater freedom from fouling. Its 
life is longer. Less space is required for its location in the 
cylinder. And this new AC contribution has a wider heat 
range than any spark plug previously developed—which 
means full spark plug efficiency and smoother engine 


performance over a wide range of operating conditions. 


AC SPARK PLUG COMPANY, FLINT, MICHIGAN 
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Distribution of horse labor is such that the tractor will 


displace horses at the busiest season of horse work. There 
YO IR l i IBBING is also a promising increase in labor efficiency. 


The advantages of a tractor increase with increasing size 

of the farm business. More efficient use of tractor labor 

PROBI EM ? and tractor equipment was secured with a larger farm busi- 
> ness. 


World Agricultural Tractor Trials, 1930. Published by the 


Have you an infrequent operation—or a Royal Agricultural Society of England in conjunction 
with the Institute of Agricultural Engineering, Univer- 
too costly part—or need a new design? sity of Oxford. = EMA) 
While this is primarily an official report, it is intended 


G also to serve as a catalog of the tractors which have been 
Ww ° ; . 
Perhaps we can find your answer et tested and which were on view at the demonstration. The | 


first section deals with a full description of the methods by 
which the tests were conducted. The report of the general 
tests on tractors follows, together with a brief report of 
cated parts. the road test, a supplementary test for which only two 
machines were entered. The tests of market-garden culti- 
vators are next dealt with. In the final section an illustra- 
tion and specification of each machine is given, together 
with a brief extract from the results of its tests. 

Thirty-three tractors and three power-driven market- 
garden cultivators were entered for the trials and reported 
for test. The countries represented by the tractors are as 
follows: United States, 10; Great Britain, 8; France, 5; 
Germany, 4; Canada, 2; Sweden, 2; Hungary, 1; and Ire- 
land, 1. Of the market-garden cultivators, two are of 
British and the third of Swiss origin. 

All the tests have been conducted by the staff of the 
Institute for Research in Agricultural Engineering, Univer- 
sity of Oxford. 


our prices—on lengths, coils or fabri- 





Sales Offices: Cleveland; Chicago; Atlanta; Los Angeles; 
Denver; Dayton, Ohio; New York City; Dallas, Texas 


ROCHESTER 


Macnetic ‘tevec INDICATORS 


MODEL “MG” SHOWN 


A LEAK-PROOF GAUGE FOR MOUNTING 
IN ANY POSITION ON FUEL TANKS 

















The 
WHITNEY 


Silent Timing Chain 


is durable, satisfactorily quiet and smooth in 


RESTRAINED DIAPHRAGM 







PRESSURE GAUGES 








Let us have your installation 
conditions and operating pres- 
sure and we will gladly submit 
samples on a 90-day consign- 
ment test basis. 







operation. 


THE WHITNEY MFG. CO. 


Hartford, Conn. 




















Builders of Liquid Level and Pressure Gauges for 16 years 


Rochester Manufacturing Co., Inc. 
Rockwood Street, Rochester, N. Y. 


Manufacturers of Silent Chain for over twenty years 
and Roller Chain for over thirty years. 
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NEW PROCESS — offers the 
Automotive Manufacturer con- 
structive possibilities for Economy, 
Quality and Service. It puts an 
organization of specialists at his 
command, as an integral part of 
his own company. Men who are 
alert to ever changing designs— 
and who are qualified by long 


experience to anticipate and exe- 
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ESTABLISHED cute new needs and new methods. 
THIRTY-THREE 


YEARS 
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‘You can 


depend 
OTF 
GIBSON 


SPRINGS 
and STAMPINGS 


EXD 


ANY TYPE OR MATERIAL 


WM. D. GIBSON CO. 
1800 Clybourn Ave., Chicago, Ill. 


SEND FOR OUR CATALOG 





Built for Power and Long Life 


@ Side view of Continental 
**R”’ 6 cylinder engine. The 
“RR” overhead-valve series 
range from 73 to 100 
horsepower. 


ContTINENTAL ENGINES are built with mechanical refine- 
ments designed to provide maximum efficiency of operation 
and length of life. They are built to withstand rough usage— 
with a surplus of power to take care of overloading. 


Sturdy, well-balanced crankshafts guarantee smoothness - 
pressure-feed lubrication system provides constant oiling of all 
moving parts—valves, camshaft, bearings and all integral parts 
are perfectly machined. 


Continental builds an engine for every power requirement in 
the automotive—industrial—agricultural—airplane and marine 
fields. Continental offers the most efficient, the most economic 


answer to both manufacturer and consumer power demands. 
Specify Continental. 


CONTINENTAL MOTORS CORPORATION 


Offices: Detroit, Michigan, U.S. A. 
Factories: Detroit and Muskegon 


[ontinental Fngines 
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(Continued from p. 285) 


became assistant to the president of the Fairchild Aviation 
Corp., also in New York City; and the following year he 
was employed as engineer by the Aviation Corp. of America 
for a short period, preparing estimates on new routes. 

Mr. Bigelow’s association with Mr. Black began in 1928, 
with the founding of Black & Bigelow, Inc. He became vice- 
president of the firm, in charge of industrial engineering 


| and assisting President Black until the latter’s resignation. 


Luncheon Tendered to Schildhauer 


Prior to his departure for Lisbon, Portugal, on Jan. 10 
to rejoin the Dornier Do-X, Lieut. Clarence H. Schildhauer 
was tendered a luncheon in his honor at the Whitehall Club, 
New York City, on Jan. 9, by F. W. Lovejoy, sales execu- 
tive of the Vacuum Oil Co. Edward P. Warner, editor 
of Aviation and President of the Society in 1930, was a 
participant. 

Lieutenant Schildhaver told of plans for the flight of 


| the Do-X to America this winter, on which he is to be a 


co-pilot of the world’s largest airplane. 


delphia, the first Autogiro licensee in this Country. 





Repairs to the 
flying-boat, following the destruction of a wing by fire, 
have been made, and the take-off for the Cape Verde 
Islands had been set for the latter part of January. From 
those islands the flight is to be continued, according to Lieu- 
tenant Schildhauer, across the South Atlantic to Fernando 
Noronha, an island off the Brazilian coast, thence down the 
South American coast to Rio de Janeiro. From that city 
the ship will be flown north, arriving in Miami, Fla., per- 
haps early in March. 

The Do-X is licensed for 48 tons, of which 16 tons will 
consist of passengers and fuel. It has a maximum speed 
of about 127 m.p.h. and will be cruised well throttled at 102 
or 103 m.p.h. The landing speed is about 78 m.p.h. The 
huge flying-boat is as simple and easy to handle as the 
usual small airplane, according to the speaker. 

W. T. Donkin, engineer of the Cleveland Wire Spring Co., 
of Cleveland, having recovered after a protracted illness, 
has returned to his active duties with that company. 

J. Frank Duryea, a long-time Member of the Society and 
a pioneer in the industry, who has for some years been 
residing at Buffalo, has retired from the business world 
and is no longer vice-president of the Stevens-Duryea Co., 
of Chicopee Falls, Mass. 

Fred W. Herlihy has recently been appointed sales man- 
ager of the New England district for the Shell Eastern 
Petroleum Products, Inc., of Boston. He formerly served 
that company as chief automotive engineer at its head- 
quarters in New York City. 

Announcement has been made by George C. Lees, presi- 
dent of the United States Axle Company, Inc., of Potts- 
town, Pa., that Kenneth Howard, secretary and sales engi- 
neer of that company, has been appointed its sales manager. 

John H. Jaschka, general sales engineer of the National 
Malleable Steel Castings Co., of Cleveland, was recently 
transferred from the company’s Cleveland headquarters to 
its St. Louis office, where he will look after railroad busi- 
ness as well as automotive sales. Mr. Jaschka was chair- 
man of the Cleveland Section in 1925, and vice-chairman 
during the following year. 

W. Laurence LePage has recently undertaken the duties 
of chief engineer for the Kellett Aircraft Corp., of Phila- 
Mr. 
LePage served on the Aircraft Committee of the Society 
last year and is the author of a paper, The Autogiro 
Analyzed, which appeared in the S.A.E. JOURNAL for 
September, 1930, p. 257, after its presentation at the 
Metropolitan Aeronautic Meeting. 

George Muench has entered into partnership in the 
George Muench Co., of Stamford, Conn., manufacturers of 
special machinery and automotive specialties. He previous- 


ly was superintendent of transportation of the Georgia- 


Florida Motor Lines, Inc., of Jacksonville, Fla. 
(Concluded on second left-hand page) 
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NEW DEPARTURE BALL BEARINGS 
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WISE CHOICE of bearings is only possible with an un- 

derstanding of the conditions each must meet. There is a New 
Departure type for every requirement. Steel and workmanship are 
of the highest quality in this broad selection. Our engineers will help 
you with your anti-friction problems. 


SINGLE ROW RADIAL, TYPE 3000. For radial or combined loads 
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a -_, 

50 © © 
seni 


a (©O) from either direction. Thrust capacity 75% of rated radial capacity J 
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he Rearend (not pictured). : 
ty pe : 


SINGLE ROW RADIAL, TYPE 1000. Provides maximum single row 
capacity for radial loads. Thrust capacity 50% of imposed radial load. 
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SHIELDED BEARINGS, TYPE 7ooo. Same as 1000 type, but pro- 
vided with plate shield for protection against foreign matter. 
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RADAX, ANGULAR CONTACT, TYPE O. For single direction com- 
bined loads. Mounted two bearings opposed for loads from either 
direction. Thrust capacity 100% of rated radial capacity. 
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DOUBLE ROW, ANGULAR CONTACT, TYPE 5000. Maximum ca- 






) (Q-= ' sae = 
@ cH) pacity for combined loads from any direction. Thrust capacity 150% = 
an- beet of rated radial capacity. = 
orn - 
ved — RADAX, ANGULAR CONTACT, TYPE 20,000. For single direction = 
ad- 1@1 combined loads. Mounted two bearings opposed for loads from either 
- ewe direction. Thrust capacity 200% of rated radial capacity. : 
tts- = 
igi- @ FRONT WHEEL, TYPE 9000. Angular contact separable type. Es- = 
rer. oO) pecially adapted to radial and thrust loads of front wheel service. = 
nal ‘en = 
itly = 
, to = MAGNETO, TYPE ND. For radial and light thrust loads. Separ- = 
= 101 able type. Thrust capacity 50% of rated radial capacity. = 
nan ted = 
ties =? N-D-SEAL, TYPE 7ooo. For radial or combined loads, either di- = 
ila- CD rection. Self-contained felt seal. Furnished completely lubricated. i 
Mr. Yan Thrust capacity 75% of rated radial capacity. | 
lety { 
ziro Write for Booklet “S”, a compact manual of bearing information. 
for It gives dimensions of each type and size with load ratings at vari- 
the ous speeds, life modification factors, mounting fits and tolerances, 
the shaft mc chining dimensions for standard lock nuts and washers, etc. 
; pe The New D :parture Mfg. Co., Bristol, Connecticut; Detroit, Chicago and San Francisco. 
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NOTHING ROLLS LIKE A BALL 


1656 


S.A.E. JOURNAL 


America’s Finest Motor Oil 
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It possesses the following 
necessary characteristics: 

High resistance to oxidation. 

Low Carbon and gum-forming qual- 
ities. 

Low Pour tests. 


Minimum change of body under ex- 
tremes of temperatures. 


Approved by leading Motor Builders 


ULF REFINING COMPANY 
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SMALL DROP FORGINGS 


The Columbus Bolt Works Co. 


f 


Forged and Trimmed Only or Machined Complete 
Modern Heat Treating Facilities 
For All Grades of Steel 


ALSO 


Common Carriage Bolts Step Bolts 

Eagle Carriage Bolts Wrought Washers 
Cold Punched Nuts Machine Bolts 
Small Rivets Plow Bolts 
Elevator Bolts Hot Pressed Nuts 
Lag Bolts Turnbuckles 


Columbus, Ohio 


QUALITY SERVICE 
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Personal Notes of the Members 


- Concluded 


A. H. Packer recently accepted the post of editor of 
Motor Service, a magazine published in Chicago. He was 
formerly connected with the Dyer Enzinger Co., of Mil- 
waukee, as a copy writer. 

F. B. Selensky has resigned his position as chief drafts- 
man for the Climax Engineering Co., in Clinton, lowa, and 
accepted a position in the engineering department of the 
John Deere Tractor Co., of Waterloo, Iowa. 

Word has been received here that David Sicklesteel, for- 
merly chief engineer with the Detroit Gear & Machine Co., 
has joined the engineering staff of the Muncie Products 
Division of the General Motors Corp., of Muncie, Ind. 

QO. D. Treiber is now serving the Hercules Motors Corp., 
of Canton, Ohio, as chief engineer of the Diesel division. 
He was previously president and chief engineer of the 
Treiber Diesel Engine Corp., of Camden, N. J. 

Lewis L. Warriner is now vice-president and factory 
manager of the Master Electric Co., of Dayton, Ohio. Prior 
to his acceptance of this post, he was manager of factories 
for Fairbanks, Morse Co., in Beloit, Wis. 

F. G. Whittington has, since Jan. 1, been engaged in the 
duties of chief engineer for A. Schrader’s Son, Inc., of 
Brooklyn, N. Y. He formerly resided in Detroit. 

Robert S. Winter is now an experimental engineer with 
the Brunswick Radio Corp., of Muskegon, Mich. His pre- 
vious position was with the Freeman Motor Co., of Detroit, 
for which he was production manager. 

Stephen J. Zand has severed his connection with the 
Taylor Instrument Companies, of Rochester, N. Y., which 
he served as aeronautical engineer, and is now serving the 
Pioneer Instrument Co., of Brooklyn, N. Y., a division of 
the Bendix Aviation Corp., in a similar capacity. 





DEPENDABLE 


In the operation of a complete 
and modern Felt Cutting 
Plant at Detroit, as well as 
five Felt Mills, the American 
Felt Company has provided 
the Automotive Industry with 
an entirely dependable source 
of supply. Quality, uniform- 
ity and quantity are under 
complete control from the 
raw wool to the automobile. 


AmericanFelt 
compa 


TRACE MARK 


General Offices 
315 4th Ave., New York 


Boston Chicago Philadelphia New York 
Detroit San Francisco St. Louis 
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